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‘Description
TECHNICAL FIELD

The present invention relates to a controller which
outputs various instructions to an electronic device,
such as a game device, by operation of an operator.

BACKGROUND ART

More than several years have passed since video
game devices for domestic use first appeared, and
recently a large variety of entertaining games have
been developed. Video games for the domestic use are
very popular as an entertainment. Domestic game
devices are connected to input means called control-
lers. Players operate the controllers to output various
instructions to the game devices.

Thus the controllers intervene between the players
and the game devices, and act as a man-machine inter-
face, and thus are very important to the game devices.
The ease of operation as well as the functional ability of
the controllers are closely related to the feasibility and
entertainment value of games.

Various types of controllers for the domestic game
devices have been proposed, but in general most con-
trollers for the domestic video game devices include
direction keys which command directions as well as a
plurality of command buttons.

However, the command buttons of the conventional
controller can make only one command by one opera-
tion thereof, and are unsuitable to continuously make
commands. It is very difficult especially to make com-
mands which are continuously changed. When continu-
ously changed commands must be made, nothing
suffices other than unnatural operations of pushing the
command buttons for various periods of time or pushing
the command buttons repeatedly 2 number of times.

The direction buttons of the conventional controller
can command only four or eight directions, and cannot
command directions between these directions, and con-
tinuous direction changes.

The conventional controller originally had only the
direction keys and two command buttons, but as games
have become complicated, two command buttons have
been increased to three, and recently six command but-
tons have become common. Six buttons are a limit to be
easily operated by one player, which has made it difficult
to meet new games which require more command but-
tons.

Recently the method for operating the controller
has become increasingly complicated, which makes it
difficult for players to stably operate the controller. A
controller which can be stably operated is required.

When a game producer thinks up contents of a
game, it is necessary for him to keep in mind the ease
of operational of the controlier. Also, the functional abil-
ity of a controller and game contents are closely related.
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Usually common controllers are used when games are
designed. Thus, their functional ability and ease of oper-
ation of the controller limit the contents of a game.

Conversely, in order to give priority to the game’s
contents, new controllers that are more suitable for the
game contents are provided in some cases. Unfortu-
nately, a large burden is thereby placed on the users.

To add controller functions to suit the contents of a
particular game, expansion units can be connected to a
controller. In order for any expansion unit to be con-
nected, a controller which permits any expansion unit
which will appear to be connected must be designed.
This method also has a limit.

Conventional controllers, on the other hand, are
totally inconsiderate of a player's grip. For example, the
contour of a conventional controller is merely rectangu-
lar or parallel, and sometimes a handle is merely pro-
vided on the controller.

Players may be children or adults, and may have
various hand sizes and various gripping habits.
Depending on the game contents, it may be better to
change the way of carrying the controller. The conven-
tional controller does not meet such requirements.

An object of the present invention is to provide a
controller expansion unit which can freely realize a con-
troller having a function suitable for contents of a game.

Another object of the present invention is to provide
a controller which can be gripped in various ways
according to the operator's preference.

Further another object of the present invention is to
provide a controller which can be gripped in ways such
that operators can easily operate the controller.

Further another object of the present invention is to
provide a controller which can make commands which
are continuously changed.

Further another object of the present invention is to
provide a controller which can command an arbitrary
direction and continuously changed directions.

Further ancther object of the present invention is to
provide a controller which can include a number of com-
mand buttons.

Further another object of the present invention is to
provide a controller which can be stably operated.

DISCLOSURE OF THE INVENTION

The above-described objects are achieved by a
controller expansion unit which is to be inserted
between a controller body including an operation key
and a game apparatus, and which supplies a command
signal generated by the operation key of the controller
body to the game apparatus body, whereby new func-
tions can be added to the conventional controller, and
the new functions can be added freely without making
any change to the controller body.

The above-described controlier expansion unit may
comprise function expansion means for expanding a
function of the controller body, and conversion means
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“for :converting the command signal from-the.controller
.body, based-on a function expanded :by :the ‘function
expansion means, and supplying the converted com-
mand signal to the game apparatus body.

In the above-described controller expansion unit,
the function expansion means may include photo signal
outputting means for outputting the signal to the game
apparatus body as a photo signal, and the photo signal
outputted by the photo signal outputting means may be
detected by photo signal detecting means of the game
apparatus body, whereby the controller can be cordless.

In the above-described controlier expansion unit,
the function expansion means may include photo signal
detecting means for detecting a photo signal from the
outside, and the conversion means may add the photo
signal from the photo signal detecting means to the
command signal from the controller body, whereby gun
games are possible, in which an optical signal from the
video monitor is detected to shoot an enemy on a mon-
itor screen.

In the above-described controller expansion unit,
the function expansion means may include vibration
means for giving a vibration to the controller body,
based on the signal from the game apparatus body or
the controller body, whereby in a shooting game, for
example, vibrations generated upon shooting are added
1o thereby make the game realistic.

In the above-described controller expansion unit,
the function expansion means may include an operation
key for effecting a specific operation, and the conversion
means may add an operation signal generated by the
specific operation key to the command signal from the
controller body, whereby new operation keys can be
easily added.

in the above-described controller expansion unit,
the function expansion means may include memory
means for storing information, and the memory means
may store information supplied from the game appara-
tus body or the controller body, or information supplied
to the game apparatus body or the controller body,
whereby new memories are added to thereby reinforce
functions of the game apparatus.

In the above-described controller expansion unit,
the function expansion means may include display
means for displaying information, and the display
means may display information from the game appara-
tus body or the controller body, whereby new image dis-
play means is added to thereby reinforce functions of
the game apparatus.

In the above-described controller expansion unit,
the function expansion means may include clock means
for counting time, and time display means for displaying
time, and the conversion means may add time informa-
tion counted by the clock means to the command signal
from the controller body, whereby games making use of
time information can be played.

In the above-described controller expansion unit,
the function expansion means include rotation angle
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detecting means for detecting:a rotation:angle of the
controller body supported thereon, and the conversion
means may add rotation angle signals detected by the
rotation angle detecting means to the command signal
from the controller body, whereby the controlier body
can be operated as a steering wheel of a car or others.

In the above-described controller expansion unit,
the function expansion means may include inclination
detecting means for detecting an inclination of the con-
troller body, and the conversion means may add an incli-
nation signal detected by the inclination detecting
means to the command signa! supplied from the con-
troller body, whereby an inclination of the controller
body can be an operation signal, which make games
realistic.

In the above-described controller expansion unit,
the conversion means supplies an inclination signal
given by the inclination detecting means in place of a
direction command signal from the controller body,
whereby a direction command can be made by an incli-
nation of the controller, which realizes games having
new operational feelings.

The above-described objects are achieved by a
controller comprising a controller body including an
operation key, and the above-described controller
expansion unit.

The above-described objects are achieved by a
controller comprising, on an operation surface of a body
of the controller, a direction key for a direction com-
mand, and a plurality of command buttons for outputting
a single command, the operation surface of the control-
ler body having a substantially circular outer edge so
that an operator can grip the controlier body at any posi-
tions around the outer edge of the operation surface.

in the above-described controller, a part of the
outer edge of the operation surface of the controller
body may be shaped in relation to a specific direction of
the direction key so that, when the operator holds the
operation surface with his hand, he can know the spe-
cific direction of the direction key, whereby when an
operator grips the operational surface with a hand, a
specific direction of the direction key can be known.

In the above-described controlier, the controlier
body may include lugs to be held by the operator, and a
part of a lug may be shaped in relation to a specific
direction of the direction key so that, when the operator
grips the operation surface with his hand, he can know
the specific direction of the direction key, whereby an
operator can know a specific direction of the direction
key.

The above-described objects are achieved by a
controller comprising: a controller body; a direction key
disposed on a first operational surface of the controller
body, and commanding a direction; a plurality of com-
mand buttons disposed on the first operational surface
and outputting one command by one operation; and a
command lever disposed on a second operational sur-
face of the controller and outputting continuously



5 {EP:0:835 676 A1 6

:changed command amounts by one operation, whereby
‘continuously changed commands can be:easily made.

in the above-described controller it‘is preferable
that the direction key comprises: a direction key operat-
ing unit; discrete direction determining means for deter-
mining a specific direction out of a plurality of prescribed
directions, based on a state of the direction key opera-
tion unit; and continuous direction determining means
for determining continuous command directions, based
on a state of the direction key operation unit, whereby
an arbitrary direction command and continuously
changed direction commands can be made.

In the above-described controller it is preferable
that the direction key further includes change-over
means for interchanging the discrete direction determin-
ing means and the continuous direction determining
means.

In the above-described controlier it is preferable
that the command lever is a command button which out-
puts one command by one operation.

In the above-described controller it is preferable
that the direction key and the command buttons are dis-
posed at positions which facilitate operation with the left
and the right thumbs of an operator when he holds the
controller with the left and the right hands, and the com-
mand lever is disposed at a position which facilitates
operation with the fingers other than the thumbs,
whereby a number of buttons and keys can be easily
operated.

In the above-described controller it is preferable
that the controller body includes two grips to be held by
an operator; and the direction key and the command
buttons are disposed at positions which facilitate opera-
tion with the left and the right thumbs of the operator
when he holds the two grips with the left and the right
hands, and the command lever is disposed at a position
which facilitates operation with the fingers other than
the thumbs. When the controller is operated, held with
the hands, the grips are firmly held with both hands,
which makes the operation stable.

In the above-described controller it is preferable
that a projection is provided on the second operational
surface of the controller body; the controller can be
placed on a flat surface, supported by the projection and
the two grips; the direction key and the command but-
tons are disposed at positions which facilitate operation
with the left and the right thumbs of an operator when
the controller is placed on a flat surface, and the com-
mand lever is disposed at a position which facilitates
with the fingers other than the thumbs. When the con-
troller is placed on a desk or the like to be operated, the
controller is set on a flat surface such as a desk or the
like, supported by the projection and the two grips,
which makes the operation stable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a plan view of the controller according to a
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first embodiment of the present invention.

‘FIG. 2 is'a right side view:of the controller according
to the first embodiment.

FIG. 3 is a perspective view of the back side of the
controller according to the first embodiment as slantly
viewed.

FIG. 4 is a perspective view of the controller accord-
ing to the first embodiment in a state in which the con-
troller is held by an operator.

FIG. 5is a rear side view of the controller according
to the first embodiment of the present invention with an
expansion unit detached from the controller body.

FIG. 6 comprises detailed views of an expansion
connector of the controller body of the controller, and a
connector of an expansion unit.

FIG. 7 is a block diagram of the controller according
to the first embodiment with an expansion unit which
does not add expansion functions connected.

. FIG. 8 is a block diagram of the controller according
fo the first embodiment with an expansion unit which
adds expansion functions connected.

FIG. 9 comprises views of pin arrangements of the
connectors of an expansion unit and the controller body
of the controller according to the first embodiment of the
present invention.

FIG. 10 comprises explanatory views of conversion

- of command signals from the controller body which is

conducted by the expansion unit according to the first
embodiment of the present invention.

FIG. 11 is a block diagram of the conventional con-
troller with an expansion unit connected.

FIG. 12 is a perspective view of an example of the
expansion unit for the controller according to the first
embodiment of the present invention.

FIG. 13 is a block diagram of an example of the
expansion unit for the controller according to the first
embodiment of the present invention, which uses infra-
red ray signals.

FIG. 14 is a block diagram of an example of the
expansion unit for the controller according to the first
embodiment of the present invention, which includes a
photo detector.

FIG. 15 is a block diagram of an example of the
expansion unit for the controller according-to the first
embodiment of the present invention, which includes a
vibration unit.

FIG. 16 is a perspective view of an example of the
expansion unit for the controller according to the first
embodiment of the present invention, which includes a
joy stick.

FIG. 17 is a block diagram of an example of the
expansion unit of the controller according to the first
embodiment of the present invention, including the joy
stick.

FIG. 18 is a plan view of another example of the
expansion unit including a joy sfick for the controller
according to the first embodiment of the present inven-
tion.
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iFIG.119.is a'perspective.view of said cther-example
of the-expansion.unit including the joy stick for the con-
troller according to:the first embodiment of the present
invention.

FIG. 20 is a perspective view of an example of the
expansion unit including a track ball for the controller
according to the first embodiment of the present inven-
tion.

FIG. 21 is a block diagram of the example of the
expansion unit including the track ball for the controller
according to the first embodiment.

FIG. 22 is a plan view of another example of the
expansion unit including the track ball for the controller
according to the first embodiment of the present inven-
tion.

FIG. 23 is a perspective view of said another exam-
ple of the expansion unit including the track ball for the
controller according to the first embodiment of the
present invention.

FIG. 24 is a perspective view of said another exam-
ple of the expansion unit which adds a memory module
to the controller according to the first embodiment of the
present invention.

FIG. 25 is a block diagram of the example of the
expansion unit which adds a memory module to the
controller according to the first embodiment of the
present invention.

FIG. 26 is a perspective view of an example of the
expansion unit including an image display for the con-
troller according to the first embodiment of the present
invention.

FIG. 27 is a block diagram of the example of the
expansion unit including the image display unit for the
controller according to the first embodiment of the
present invention.

FIG. 28 is a plan view of an example of the expan-
sion unit including a time display unit for the controller
according to the first embodiment of the present inven-
tion.

FIG. 29 is a block diagram of the example of the
expansion unit including the time display unit for the
controller according to the first embodiment of the
present invention.

FIG. 30 is a perspective view of an example of the
expansion unit including a handle shaft for the controller
according to the first embodiment of the present inven-
tion.

FIG. 31 is a block diagram of the example of the
expansion unit including the handle shaft for the control-
ler according to the first embodiment of the present
invention.

FIG. 32 is a perspective view of the held state of the
example of the expansion unit including hand shaft for
the controller according to the first embodiment of the
present invention.

FIG. 33 is a perspective view of an example of the
expansion unit including an inclination detecting unit for
the controller according to the first embodiment of the
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-present invention.

FIG. 34 is :a.block diagram :of the example of the
expansion unit including the inclination detecting unit for
the controller according to the first embodiment of the
present invention.

FIG. 35 is a ptan view of the controller according to
a second embodiment of the present invention.

FIG. 36 is a front view of the controller according to
the second embodiment of the present invention.

FIG. 37 is a right side view of the controller accord-
ing to the second embodiment of the present invention.

FIG. 38 is a perspective view of an example of the
expansion unit including an inclination detection unit
with a vibration function of the controller according to
the second embodiment.

FIG. 39 is a back side view of the controller accord-
ing to the second embodiment of the present invention
with the expansion unit removed from the controller
body.

FIG. 40 is an exploded perspective view of the
example of the expansion unit including an inclination
detection unit with the vibration function of the controller
according to the second embodiment.

FIG. 41 is a block diagram of the example of the
expansion unit including an inclination detection unit
with the vibration function of the controlier according to
the second embodiment.

FIG. 42 comprises explanatory views of an opera-
tion of the example of the expansion unit including an
inclination detection unit with the vibration function of
the controller according to the second embodiment.

FIG. 43 is a plan view of the controller according to
a third embodiment of the present invention.

FIG. 44 is a perspective view of the controller
according to the third embodiment of the present inven-
tion as viewed slantly from the back.

FIG. 45 is a right side view of the controller accord-
ing to the third embodiment of the present invention.

FIG. 46 is a bottom view of the controller according
to the third embodiment of the present invention.

FIG. 47 is an explanatory view of a mechanism of
the direction key of the controller according to the third
embodiment of the present invention.

FIG. 48 comprises explanatory views of a mecha-
nism of the command lever of the controller according to
the third embodiment ot the present invention.

FIG. 49 is a perspective view of the controller
according to the third embodiment of the present inven-
tion, which shows an operational state.

FIG. 50 is a btock diagram of a circuit of the control-
ler according to the third embodiment of the present
invention, which shows a structure thereof.
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‘BEST MODE:FOR CARRYING OUT THE PRESENT
.INVENTION

First Embodiment

The controller according to a first embodiment of
the present invention will be explained with reference to
FiGs. 1 to 34. FIG. 1 is a plan view of the controller
according to the present embodiment. FIG. 2 is a right
side view of the controller according to the present
embodiment. FIG. 3 is a perspective rear side view of
the controller according to the present embodiment as
slantly viewed. FIG. 4 is a perspective view of the con-
troller according to the present embodiment, which
shows a way in which an operator holds the controller.
FIG. 5 is a perspective rear side view of the controller
according 1o the present embodiment in a state where
the expansion unit is detached from the controller body.
FIG. 6 comprises views of pin arrangements of a con-
nector of the expansion unit and of an expansion socket
of the contraller body.

Structure of the Controller

The controller according to the present embodi-
ment comprises a controller body 10 and an expansion
unit 30.

The controller body 10 provides basic functions of
the controller. As shown in FIG. 1, a start button 16 and
a change-over switch 18 are disposed at a central lower
part of an operation side 10a on the front side of the
controller body 19, an analog direction key 12 and a dig-
ital direction key 14 are disposed on the left side of the
operation face 10a, and six command buttons 20x, 20y,
20z, 20a, 20b, 20c are disposed on the right side of the
operation face 10a. A command lever 22! is disposed on
the central left side of an operation side 10¢ on the back
side of the controller body 10, and a command lever 22r
is disposed on the central right side of the operation
side 10d. A screw hole 29 is formed in the center of the
back side of the controller body 10.

As described above, the controller according to the
present embodiment has the analog direction key 12,
the digital direction key 14, the start button 16, the
change-over switch 18 and the command buttons 20x,
20y, 202, 20a, 20b, 20c on the operation side 10a on the
front side, and the command tevers 221, 22r respectively
on operation sides 10c, 10d on the back side.

The start button 16 is of the type that one command
can be inputted with one push. The start button 16,
which is disposed at the central lower part of the opera-
tion side 10a, is difficult to press frequently, and is
mainly used to give commands that are not used during
a game, such as the start command.

The change-over switch 18 is provided for ensuring
compatibility with conventional controllers. When the
change-over switch 18 is slid to the left, the compatible
mode which is the same as the conventional controllers
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is'available. In this mode, the analog direction key 12 is
invalid while the digital direction key 14, the start button

16, the command buttons'20x, 20y, 20z,.20a, 20b, 20¢

and the command levers 221, 22r are valid. Games
which are played by the use of the conventional control-
lers can be played by the use of the innovative controller
according to the present embodiment. When the
change-over switch 18 is slid fo the right, the analog
direction key 12 is valid, and games which are played by
the use of the innovative controlier according to the
present embodiment can be played.

The present embodiment includes two direction
keys 12, 14. The analog direction key 12 commands all
continuous directions over 360°, thus making the so-
called analog direction commands. The digital direction
key 14 commands 8 separate preset directions, thus
making the so-called digital direction commands. Both
direction keys 12, 14, which are disposed on the left
side of the front operation side 10a, are usually oper-
ated with the left hand of a player.

The analog direction key 12 has an operation plate
{not shown) which is free to tilt by operations of a player.
Based on the tilt direction of the operation plate, a com-
mand direction is detected.

The digital direction key 14 has an operation plate
(not shown) which is free to filt by operations of a player.
When the operation plate is tilted, switches (not shown)
disposed on the upper, lower, left and right sides of the
plate are pressed to detect 8 directions including the
upper and lower directions, the left and right directions
and the intermediate directions therebetween.

The command buttons 20x, 20y, 20z, 20a, 20b, 20c
are of the type that one command is inputted by one
push of one of the buttons. The buttons 20x, 20y, 20z,
20a, 20b, 20c, which are disposed on the right side of
the operation side 10a on the front side, are usually
operated with the thumb of the right hand of an operator.

The command levers 221, 22r are pulled toward the
operator to input continuously changing command sig-
nals. The command levers 221, 22r, which are disposed
on the operation sides 10c, 10d on the left and right
sides of the back side, are operated by pulling them
toward the operator with the fingers of both hands
except the thumbs, e.g., with the index fingers and the
middie fingers when the operator holds the controller
with both hands.

The command levers 221, 22r respectively include
operation levers (not shown). The command levers 22|,
22r are operated to thereby swing the operation levers,
and can output continuously changing command sig-
nals corresponding to swing angles of the operation
levers.

As shown in FIG. 3, the expansion unit 30 is
mounted on the center of the back side of the controller
body 10. The command levers 221, 22r are disposed on
the operation sides 10c, 10d on the left and the right
sides of the expansion unit 30.

As shown in FIG. 1, the controller body 10 has a
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-substantially circular shape which'is defined by:an:outer
-edge about 13 cmiin diameter of the operation side 10a.
“This suitably sized circular edge allows a player to'com-
fortably grip the controller at any position -around the
outer edge of the operation side 10a. To enable an oper-
ator to comfortably operate the controller, it is preferred
that the circular shape of the operation side 10a of the
controller body 10 has a diameter of about 9 - 17 cm.

The outer edge of the operation side 10a of the con-
troller body 10 defines the substantially circular shape
but defines a larger-radius arc on the left side 10b of the
analog direction key 12. In the present embodiment, the
arc has a diameter of about twice the diameter of the cir-
cular shape of the operation side 10a, i.e., an about 26
cm diameter, and has an arc length of about 8.5 cm. A
direction of the arc on the left side 10b substantially
agrees with a specific direction (upward direction in FIG.
1) of the analog direction key 12. Accordingly when a
player holds the controller body 10, he can know the
upward direction of the analog direction key 12 by the
touch of his palms, and can play a game without looking
at the controller. To enable a player to comfortably oper-
ate the controller, it is preferable that the arc of the left
side 10b has a diameter of about 18 - 34 cm and an arc
length of about 6 - 11 cm.

When a player operates the controller according to
the present embodiment, gripping it with the hands, as
shown in FIG. 4, the edge of the operation side 10a of
the controller 10 is held with both hands. To enable a
player to comfortably hold the controller with both
hands, it is preferable that the controller body 10 has an
about 2-4 cm thickness, and the parts of the controller
body 10 where the command levers 22I, 22r are dis-
posed have an about 4- 8 cm thickness, which is about
twice the thickness of the controller body 10.

When a player grips the controller with both hands,
the thumb of the left hand operates the analog direction
key 12 or the digital direction key 14 on the front side,
and the index or middle finger of the left hand operates
the command lever 221 on the back side, while the
thumb of the right hand operates the command buttons
20x, 20y, 20z, 20a, 20b, 20c on the front side, and the
index or middle finger of the right hand operates the
command lever 22r on the back side.

When the analog direction key 12 and the digital
direction key 14 are operated, as shown in FIG. 4, the
left side 10b is gripped by the left hand with the arcuate
portion of the left side 10b held by the palm of the left
hand, whereby direction commands can be made, with
a reference direction of the analog direction key 12, kept
in mind.

Especially, since the analog direction key 12 does
not respond with click touch, as does the digital direc-
tion key 14, a player will be at a loss as to his operation
direction without the left side 10b. Thus it is very signifi-
cant to provide the left side 10b with the curved portion
having a large diameter.

As to the digital direction key 14, although it is pos-
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sible‘to know:a command direction of the digital direc-
tion 14 based on click touch alone, the presence of the
flat left side 10b ensures that a player knows his opera-
tion direction without failure.

As shown in FIG. 3, the expansion unit 30 is
mounted in the center of the back side of the controller
body 10. The expansion unit 30 is inserted between the
controller 10 and the game device 200, and supplies
command signals from the controller body 10 produced
by operating the various operation keys on the controller
body 10. The expansion unit 30 is removable from the
controller body 10 to be replaced as required.

The controller with the expansion unit 30 mounted
on has the central portion of the controller body 10 pro-
jected as shown in FIG. 3. Controllers are usually han-
dled roughly. When the controller is dropped or hit
against other objects, the command levers 221, 22r are
disposed on the operation sides 10c, 10d in hollows
formed by the expansion unit 30 projected from the back
side of the controller body 10, to be protected from
direct impacts.

FIG. 5 shows the controller body 10 with the expan-
sion unit 30 removed therefrom. The expansion unit 30
has a male connector 31 on the end to be connected to
the controller body 10, and the controller body 10 has a
female connector 26 for expansion on the rear side of
the controller body 10. The connector 26 for expansion
is the end of a circuit substrate (not shown) disposed
inside the controller. When the expansion unit 30 is
mounted, the male connector 31 is connected to the
female connector 26 for expansion of the controlier
body 10.

As shown in FIG. 6B, the connector 31 of the
expansion unit 30 has the shape of a male connector
and includes ten pins P1 - P10. The upper row of the
pins includes, from the left,a first pin P1, a third pin P3,
a fifth pin P5, a seventh pin P7 and a ninth pin P9, and
the lower row of pins includes, from the left, a second
pin P2, a fourth pin P4, a sixth pin P6, an eighth pin P8
and a tenth pin P10.

The connector 26 for expansion of the controller
body 10 has the shape of a female connector as shown
in FIG. 6A and includes two rows of pins. The upper row
of the pins includes, from the left, a ninth pin P9, a sev-
enth pin P7, a fifth pin P5, a third pin P3 and a first pin
P1, and the lower row of the pins includes, from the left,
atenth pin P10, an eighth pin P8, a sixth pin P8, a fourth
pin P4 and a second pin P2.

Function of the Controller

Next, the function of the controller according to the
present embodiment will be explained with reference to
FIGs. 7 and 8. FIG. 7 is a block diagram containing an
expansion unit 30 mounted thereon, having no addi-
tional expansion functions, and FIG. 8 is a block dia-
gram containing a expansion unit 40 mounted thereon,
having additional expansion functions.
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As shown:in'FIGs. 7 and'8,’the controller body 10
‘includes a control-computer24°for general control. The
control computer.24 detects operation signals from the
analog direction key 12, the digital direction key 14, the
start button 16, the command buttons 20x, 20y, 20z,
20a, 20b, 20c and the command levers 221, 22r, and
outputs the operation signals in accordance with the
operation mode selected by the change-over switch 18.
The controller body 10 includes an expansion connector
26 for connecting the expansion unit 30.

As shown in FIG. 7, the expansion unit 30, which
adds no expansion functions, includes a connector 31
for connecting the expansion unit 30 to the controller
body 10, and a signal line from the connector 31 is con-
nected to a connection cable 32. A connector 33 to be
connected to the connector 202 of the game apparatus
body 200 is provided at the end of the connection cable
32,

The expansion unit 30 is inserted between the con-
troller body 10 and the game apparatus body 200 and
outputs command signals as they are received from the
controller body 10 to the game apparatus body 200.

As shown in FIG. 8, the expansion unit 40, which
adds expansion functions, includes the control compu-
ter 44 for general control, which is connected to a func-
tion expansion unit 45 for realizing functions to be
expanded. The expansion unit 40 includes a connector
41 for connecting to the expansion connector 26 of the
controller body 10 as does the standard expansion unit
30, and a connector 43 to be connected to a connector
202 of the game apparatus body 200 is provided on the
end of the connection cable 42.

The expansion unit 40 is inserted between the con-
troller body 10 and the game apparatus body 200, and
the control computer 44 combines command signals
expanded by the function expansion unit 45 with com-
mand signals from the controller body 10 and outputs
them to the game apparatus body 200.

FIG. 9 shows a pin arrangement of the connector
41 of the expansion unit 40, and a pin arrangement of
the expansion unit 26 of the controller body 10.

For both connectors 41, 26, the fourth pin P4, the
fifth pin P5, and the sixth pin P6 are used mainly as con-
trol lines. The fourth pin P4 is used as the control fine for
select signals (TH) from the expansion unit 40 to the
controller body 10, the fifth pin P5 is used as the control
line for request signals from the expansion unit 40 to the
controller body 10, and the sixth pin P6 is used as the
control line for response signals (TL) from the controller
body 10 to the expansion unit 40.

The seventh pin P7, the eighth pin P8, the second
pin P2, and the third pin P3 are used mainly as data
lines. The seventh pin P7 is used as the data fine for bit
3 data signals (R), the eighth pin P8 is used as the data
line for bit 2 data signals (L), the second pin P2 is used
as the data line for bit 1 data signals (D), and the third
pin P3 is used as the data line for bit 0 data signals (U).

Furthermore, the first pin P1 is used as an electric
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-power:source.line;(VCC), and the ninth;pin-R9 is-used
‘as'a:ground line:(GND).

“Then, with reference to FIG. 10, conversion of com-
mand signals from the controller body by the expansion
unit will be explained.

As shown in FIG. 10A, each of the command sig-
nals from the controller body 10 includes identification
codes ID1-1D4, and data DATA following the identifica-
tion codes ID1-ID4, and an end code END which indi-
cates the end of the command signals.

In the case of FIG. 7 in which the expansion unit 30
having no expansion functions is connected, command
signals shown in FIG. 10A are outputted as they are to
the game apparatus body 200. The game apparatus
body 200 determines the type of the connected control-
ter, based on the identification codes 1D1-ID4 and
receives the following data signals DATA.

in the case of FIG. 8 in which the expansion unit 40
having expansion functions is connected, the command
signals shown in FIG. 10A are outputted by the control-
ler body 10, but the identification codes ID3, ID4 are
changed by the control computer 44 of the expansion
unit 40 to controller identification codes ID3', ID4', as
shown in FIG. 10B, which identify the controller as hav-
ing expansion functions. The game apparatus 200
determines the type of the connected controller, based
on the identification codes ID1 - ID4' and receives the
data signals DATA.

FiGs. 10C and 10D show examples of the com-
mand signal changing process. The controller body 10
outputs identification codes 1114 and data FFFF follow-
ing the identification codes as shown in FIG. 10C, and
the control computer 44 changes the identification sig-
nals to identification signals 1166 and adds data 88
after the data FFFF as shown in FIG. 10D.

The advantages of the expansion unit for the con-
trofler according to the present embodiment will be
explained in comparison of the block diagram of the
controller according to the present embodiment shown
in FIGs. 7 and 8 to the block diagram of the conventional
controller shown in FIG. 11.

In the conventional controller, as shown in FIG. 11,
the connector 28 is disposed on the end of the connec-
tion cabie 27 of the controller body 10, and the connec-
tor 28 is connected to the connector 202 of the game
apparatus body 200. The expansion connector 26 is
provided independently of the connection cable 27 for
connection of the expansion unit 300, and the expan-
sion connector 26 is connected to the control computer
24. The connector 302 of the expansion unit 300 is con-
nected to the expansion connector 26 to connect the
expansion unit 300 to the controller body 10.

The expansion unit of the conventional controller is
connected to the controller computer 24 and is under
the conirol thereof as described above. To this end it is
necessary that the control computer 24 knows in
advance details of functions of the expansion unit 300
connected to the expansion connector 26, e.g., identifi-
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cation numbers, efc. indicative of the:connected expan-
sion functions. This is because it is necessary that when
the expansion unit 300 is connected, a type, etc. of the
expansion unit 300 are supplied to the game apparatus
body 200 through the connection cable 27. That is, con-
ventionally a connectable type of the expansion unit 300
must be determined when the controlier body 10 is
designed, and the expansion unit 300 of a type other
than the intended type when originally designed cannot
be connected.

In contrast to the conventional controller arrange-
ment, in the present embodiment, as shown in FIG. 8,
the expansion unit 40 is inserted between the controller
body 10 and the game apparatus body 200, and the
expansion unit 40 processes command signals from the
controller body 10 to supply the same to the game
apparatus body 200. The control computer 24 of the
controller body 10 only supplies its own command sig-
nals. This is because the confrol computer 44 of the
expansion unit 40 conducts processing in connection
with expansion functions of its own expansion unit 40.
Accordingly, new functions which are not intended when
the controller body 10 was designed can be optionally
added.

Furthermore, the expansion unit for the controller
according to the present embodiment is advantageous
in comparison to the case where a new controller hav-
ing new functions is designed and provided. In design-
ing a new controller, basic command keys, such as
direction keys, command keys, etc., are necessary for
game operation and are absolutely necessary to retain
compatibility with the concurrent controller. It is frequent
cases that in addition to the basic command keys, such
as direction keys and command buttons, etc., command
keys for realizing new functions are added. Tothisend a
new controller including the basic command keys must
be redesigned, which makes a fast design impossible
and adds to the design costs.

In contrast to this, in the present embodiment, the
basic command keys are controlled by the controller
body 10, so that the expansion unit can be designed in
consideration of only new functions. This can reduce
design costs and development time.

Examples of the Expansion Unit

Various examples of the expansion unit will be
explained with reference to FiGs. 12 to 34.

Cordless Expansion Unit

An expansion unit 50 shown in FIGs. 12 and 13
realizes a cordless expansion unit by the use of infrared
signals.

The expansion unit 50 which adds the cordless
function includes a connector 51 to be connected to the
expansion connector 26 of the controller body 10 just as
the standard expansion unit 30 is. The expansion unit
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:50 also includes-a control:computer.53 for.general.con-
‘troland the control computer.53‘has a light emitting unit

52,

The control computer 53 outputs command signals
from the controller body 10 as photo signals using the
light emitting unit 52. A light detecting unit 204 of a
game apparatus body 200 detects the photo signals
from the light emitting unit 52 and decodes the photo
signals into command signals.

The expansion unit is thus attached, whereby sim-
ply the controller is made cordless.

Photo Signal Detecting Expansion Unit

An expansion unit 60 shown in FIGs. 12 and 14 is
for adding the function of detecting photo signals from
the outside, e.g. the video monitor (not shown).

The expansion unit 60 which adds the photo signal
detecting function includes a connector 61 to be con-
nected to the expansion connector 26 of the controller
body 10 just as the standard expansion unit 30 is, and
includes on the end of a connection cable 62 a connec-
tor 63 to be connected to a connector 202 of a game
apparatus body 200. The expansion unit 60 includes a
control computer 64 for the general control and the con-
trol computer 64 includes a photo detector 65.

Signals detected by the photo detector 65 are com-
bined with command signals from the controller body 10
by the control .computer 64 and supplied to a game
apparatus body 200.

The photo detector 65 thus detects photo signals
from the outside, e.g. video monitor, whereby shooting
games in which enemies in monitor screens are shot
can be played.

Vibration Expansion Unit

An expansion unit 70 shown in FIGs. 12 and 15
adds. the function of giving vibrations to the controller
body 10.

The expansion unit 70 which adds the vibration
function includes a connector 71 to be connected to the
expansion connector 26 of the controller body 10 just as
the standard expansion unit 30 is, and a connector 73 to
be connected to a connector 202 of a game apparatus
body 200 is provided on the end of a connection cable
72. An electric power source 76 for giving vibrations is
disposed in the connection cable 72. The expansion unit
70 includes a control computer 74 for the general con-
trol, and the control computer 74 includes a vibration
unit 75 for giving vibrations.

The vibration unit 75 is actuated in response to a
command signal from the game apparatus body 200 or
the controller body 10 and gives vibrations to the con-
trolier body 10.

Vibrations are thus given to the controller body 10
from the vibration unit 75, whereby vibrations are given
upon shooting, and realistic games can be enjoyed.
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" Joy stick nsion Uni

An expansion unit 80 shown in FIGs. 16 and 17

adds a joy stick as a new operation key to the controller
body 10. :
InFIG. 16, the expansion unit 80 which adds the joy
stick is attached to the rear side of the controller body
10. The expansion unit 80 includes a connector 81 tobe
connected to the expansion connector 26 of the control-
ler body 10 just as the standard expansion unit 30 is,
and a connector 83 to be connected to a connector 202
of a game apparatus body 200 is provided on the end of
a connection cable 82. The expansion unit 80 includes
a conirol computer 84 for the general control, and the
control computer 84 includes the joy stick 85.

When a player operates the joy stick, operation sig-
nals are combined with command signals from the con-
troller body and are supplied to the game apparatus
body 200.

The joy stick 35 is thus used as a new operation
key, and operations can be made suitable for games.

In FIGs. 18 and 19, the expansion unit 80 which
adds the joy stick is attached to the left side of the con-
troller body 10.

The expansion unit 80 is secured to the controller
body 10 by means of a screw hole 87 engaged in a
screw hole 29 in the back side of the controller body 10.
Command buttons 86a, 86b are provided above the joy
stick 85 as viewed in FIG. 17.

When the expansion unit 80 is attached, the joy
stick 85 is positioned on the left side of the analog direc-
tion key 12 and the digital direction key 14, which
improves the ease of operation.

Track Ball E ion Unit

An expansion unit 80 shown in FIGs. 20 to 23 adds
a track ball as a new operation key to the controller body
10.

in FIG. 20, the expansion unit 80 which adds a track
ball is attached to the rear side of the controller body 10.
The expansion unit 80 includes the tfrack ball 88 in place
of the joy stick 85. When a player operates the track ball,
operation signals are combined with command signals
from the controller body 10 and are supplied to a game
apparatus body 200.

The track ball 88 is thus used as a new operation
key to make operations suitable for games.

In FIGs. 22 and 23, the expansion unit 80 which
adds a track ball is attached to the front side of the con-
troller body 10. :

The expansion unit 80 is secured to the controller
body 10 by means of a screw 87 engaged in a screw
hole 29 in the back side of the controller body 10. A
decision button 83a and a cancel button 8Sb are pro-
vided above the track ball 88 as viewed in FIG. 22.

When the expansion unit 80 is thus attached, the
track ball 88 is positioned in front of the controller body
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Memory Expansion Unit

An expansion unit 90 shown in FIGs. 24 and 25
adds a memory module 96 to the controller body 10.

The expansion unit 90 which adds the memory
module 96 includes a connector 91 to be connected to
the expansion connector 26 of the controller body 10,
and a connector 93 to be connected to a connector 202
of a game apparatus body 200 is provided on the end of
a connection cable 92. The expansion unit 90 includes
a control computer 94 for the general control, and the
control computer 94 includes a memory siot 95. The
memory module 96 is engaged in the memory slot 95.

The memory module 96 can be used in various
ways. For example, information from the game appara-
tus body 200 or the controller body 10 may be stored. In
addition, information to the game apparatus body 200 or
the controller body 10 may also be stored.

The memory is thus added, whereby functions of
the game apparatus can be enhanced.

Display Expansion Unit

An expansion unit 100 shown in FIGs. 26 and 27
adds an image display unit 105 to the controller body
10.

The expansion unit 100 which adds the image dis-
play unit 105 includes a connector 101 to be connected
to the expansion connector 26 of the controller body 10,
and a connector 103 to be connected to a connector
202 of a game apparatus body 200 is provided on the
end of a connection cable 102. The expansion unit 100
incudes a control computer 104 for the general control,
and the control computer 104 includes the image dis-
play unit 105. As shown in FIG. 26, the image display
unit 105 is positioned so it can be viewed by a player
operating the controller body 10.

The image display unit 105 can be used in various
ways. For example, the image display unit 105 may dis-
play information from either the game apparatus body
200 or the controller body 10.

The image display unit 105 is thus added, whereby
functions of the game apparatus can be enhanced.

Clock Expansion Unit

An expansion unit 110 shown in FIGs. 28 and 29
adds a clock function to the controller body 10.

The expansion unit 110 for adding the clock func-
tion includes a connector 111 to be connected to the
expansion connector 26 of the controller body 10 just as
the standard expansion unit 30, and a connector 113 to
be connected to a connector 202 of a game apparatus
200 is provided on the end of a connection cable 112.
The expansion unit 110 includes a control computer 114
for the general control. The control computer 114
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includes a:clock unit 116 for counting time and outputs
a correct current time. The clock unit 116 includes -a
time display unit 115. The time display unit 115 displays
a current time, etc. outputted by the clock unit 116. As
shown in FIG. 28, the time display unit 115 is positioned
0 it can be viewed by a player operating the controller
body 10.

The clock unit 116 outputs to the game apparatus
body 200 a current time, the length of time that the con-
troller has been connected to the game apparatus body
200, the time when a game is started, etc., and can be
used for timing event occurrences in a game.

The clock function is thus added, whereby functions
of the game apparatus can be enhanced.

Handle E ion Uni

An expansion unit 120 shown in FIGs. 30 to 32
makes use of the circular shape of the controller body
10 to use the controller body 19 as a handle (rotational
control).

As shown in FIG. 30, the expansion unit 120 that
adds the handle function includes a support base 126,
and a handle shaft 127 is projected from the support
base 126. The handle shaft 127 can be rofated, and the
controller body 10 is secured to the handle shatt 127 by
means of a screw. As shown in FIG. 31, a rotary angle
detector 125 detects the rotation angle of the handle
shaft 127 and outputs the angle to a control computer
124.

As shown in FIG. 32, when a player operates the
controller body 10 as a handle, operation signals are
combined with command signals from the controller
body 10 and are supplied to the game apparatus body
200.

The controller body 10 is thus used as a handle to
make operations suitable for games.

Inclination Detection Expansion Unit

An expansion unit 130 shown in FIGs. 33 and 34
adds the function of detecting the inclination of the con-
troller body 10.

The expansion unit 130 which adds the function of
an inclination includes a connector 131 to be connected
to the expansion connection of the controller body 10
just as the standard expansion unit 30 is, and a connec-
tor 133 to be connected to a connector 202 of a game
apparatus body 200 is provided on the end of a connec-
tion cable 132. The expansion unit 130 includes a con-
trol computer 134 for the general control, and the
control computer 134 includes an inclination detecting
unit 135. The inclination detecting unit 135 detects an
inclination angle of the controlier body 10. Detected sig-
nals of the inclination detecting unit 135 are combined
by the control computer 134 with command signals from
the controller body 130 and are outputted to the game
apparatus body 200.
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“The-detected signal of the inclination-detecting:unit

135 canbe used in various ways. For example,:in:the

game shown in FIG. 20, in which an airplane is-oper-
ated, the control is made so that the airplane is tilted by
an inclination of the controller body 10.

As described above, according to the present
embodiment, expansion units can be attached to the
conventional controller, whereby the controller can have
optional additional functions. in the present embodi-
ment, the expansion unit is inserted between the game
apparatus body and the controller body and, based on
expanded functions, command signals from the control-
ler body are changed by the expansion unit, and sup-
plied to the game apparatus body, whereby completely
new functions can be optionally added without making
changes to the controller body.

Second Embodiment

The controller according to a second embodiment
will be explained with reference to FiGs. 35 to 37. FIG.
35 is a plan view of the controller according to the
present embodiment. FIG. 36 is a front view of the con-
troller according to the present embodiment. FIG. 37 is
a right side view of the controller according to the
present embodiment. The same members and mem-
bers of the same kinds of the present embodiment as
those of the first embodiment are represented by the
same reference numerals in order not to repeat their
explanation.

The controller according to the present embodi-
ment is the same as the first embodiment in that the
basic shape of the outside edge of a controller body 10
is circular, and includes two lugs 11, 11r projected
toward a player holding the controlier body 10.

In the first embodiment, the left side of the controller
body 10 is formed in a larger-diameter arcuate portion
so that when a player grips the controller body 10, he
can know the upward direction of a analog direction key
12 by the touch of the palm. In the present embodiment,
because of the lug 111, the controller body 10 has sub-
stantially the same shape on both the left and right
sides. A player knows the upward direction of the ana-
log direction key 12 by touching the lugs 111, 11r.

When a player holds the lugs 111, 11r with his
hands, he operates: the analog direction key 12 or a dig-
ital direction key 14 on the surface of the controller body
10 with the left thumb, the command lever 221 with the
left index or middle finger, the command buttons 20x,
20y, 20z, 20a, 20b, 20¢ on the surface of the controller
body 10 with the right thumb, and the command lever
22r on the back side with the right index or middle finger.

In the present embodiment, as shown in FIG. 35,
conical grooves are formed in the top surface of the
analog direction key 12 with no cross pattern. The ana-
log direction key 12 can indicate all directions, and even
if a cross pattern is formed, the direction of the cross
pattern does not always agree with a direction indicated
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by the analog direction key 12. The cross pattern:may
rather.puzzle players. This is why the conical grooves
alone are formed. The conical grooves act as an anti-
slipping means in operating the analog direction key 12.

Thus, according to the present embodiment, the
lugs make the controller convenient for a player to grip
during operation.

Inclination Detection Expansion Unit with Vibration
Function

As an example of the expansion unit of the present
embodiment, an inclination detection expansion unit
with a vibration function will be explained with reference
to FIGs. 38 to 42. FIG. 38 is a perspective view of the
present expansion unit. FIG. 39 is back side view of the
present expansion unit removed from the controller
body. FIG. 40 is an exploded perspective view of the
present expansion unit. FIG. 41 is a block diagram of
the present expansion unit. FIG. 42 comprises views
explaining an operation of the present expansion unit.

The inclination detection expansion unit with vibra-
tion function 140 adds the function of detecting an
inclined state of the controller body 10 and the function
of vibrating the controller body 10.

As shown in FIG. 38, as does the standard expan-
sion unit 30, the expansion unit 140 includes a connec-
tor 141 to be connected to the expansion connector 26
of the controller body 10, and a connector 143 to be
connected to the connector 202 of the game apparatus
body 200 is provided on an end of a connection cable
142. As shown in FIG. 39, the expansion unit 140 is
mounted on the back side of the controller body 10.

A structure of the inclination detection expansion
unit with vibration function will be detailed with refer-
ence to FIG. 40. The expansion unit 140 includes a
main circuit substrate 150. A connector substrate 151 is
connected to one end of the main circuit substrate 150.
An acceleration sensor 152 and a microcomputer 153
are mounted on the main circuit substrate 150. The
acceleration sensor 152 can detect a rotation angle (a
roll angle and a pitch angle) from an initial position. The
main circuit substrate 150 is connected to a vibration
motor 154. A semi-circular eccentric weight 154 is
mounted on the rotary shaft of the vibration motor 154,
and when the vibration motor 154 is rotated, vibrations
are generated by the eccentric weight 154a.

The main circuit substrate 150 is secured to the
case 155. The vibration motor 154 is fit in the box 155a
in the case 155. The connector substrate 151 is secured
to a case 156. The case 155 is covered by a case 157
with the connection cable 142 therebetween.

A function of the inclination detection expansion
unit with vibration function 140 will be explained with ref-
erence to FIG. 41. The expansion unit 140 includes a
control computer 144 for general control. The control
computer 144 includes an inclination detection unit 145
and a vibration unit 146.
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“The control computer 144 includes :a microcom-
puter 153 and generally controls the expansion unit
140. The inclination detection unit 145 inciudes the
acceleration sensor 152 and detects an inclination
angle of the controller body 10. A detection signal of the
inclination detection unit 145 is combined by the control
computer 144 with a command signal from the control-
ler body 140 to be supplied to the game apparatus body
200. The vibration unit 146 includes a vibration motor
154 and vibrates, based on a vibration command signal
from the game apparatus body 200 or the controller
body 10 to give vibrations to the controller body 10.
Source electric power of the vibration motor 154 is sup-
plied by the game apparatus body 200.

Next, the inclination detecting function will be
detailed.

By mounting the expansion unit 140 on the control-
ler body 10, an inclination angle of the controller can be
detected. An inclination angle is represented by a rota-
tion angle (a roll angle and a pitch angle) on the control-
ler. Aroll angle TX is represented as shown in FIG. 42A;
as viewed at the back of the controlier, when a central
roll angle TX is 80h, a rightmost roll angle TX is 00h,
and a leftmost roll angle TX is FFh. A pitch angle is rep-
resented as shown in FIG. 42B; as viewed sideways,
when a forward pitch angle TY is 80h, a lowermost pitch
angle TY is 00h, and an uppermost pitch angle TY is
FFh.

Accordingly, when the controller is tilted right, the
roll angle TX is decreased, and the roll angle TX is
increased when the controller is tilted left. When the
controfler is tited downward, the pitch angle TY is
decreased, and the pitch angle TY is increased when
the controller is tilted upward.

An inclination angle of the indlination detection unit
145 is automatically centered on prescribed occasions
while the controller is positioned in the central direction
(a roll angle TX=80h, a pitch angle TY=80h). An inclina-
tion angle is automatically centered, e.g. when source
electric power is supplied to the game apparatus body
200, the controller is connected to the game apparatus
body 200, source electric power is supplied to the
expansion unit 140, a mode is changed by operation of
the change-over switch 18 of the controller body 10, the
expansion unit 140 is connected to the controller body
10, or a reset signal is supplied from the game appara-
tus body 200.

An inclination angle has an insensitive range so
that the controller does not react to a slight change of
the inclination angle, and when an inclination angle
changes by <12 degrees, the controller judges that no
inclination has taken place. It is possible that an insen-
sifive range of an inclination angle is changeable in -
response to a signal from the game apparatus body
200. Inclination sensitivity can be adjusted in accord-
ance with a game.

1t is also possible that a signal indicative of an incli-
nation angle of the inclination detection unit 145 is
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replaced by a.command signal from the analog direction
key 12 or a digital direction key 14 by changing a mode.
This operation can be made by changing an inclination
of the controller in place of operating the analog direc-
tion key 12 or the digital direction key 14.

Next, the vibration function will be detailed.

The expansion unit 140 is connected to the control-
ler body 10, whereby vibrations can be given to the con-
troller. An intensity of the vibrations can be set by a
signal from the game apparatus body 200. The intensity
can be adjusted to be, e.g., 8 stages from a vibration
intensity = 0 (no vibration) to a vibration intensity = 7.

To ensure satety upon the vibration, source electric
power of the vibration motor 154 is supplied by the
game apparatus body 200, so that the vibration is
stopped by disconnecting the connector 143 of the
expansion unit 140 from the game apparatus body 220.
The vibration is forcedly stopped when no signal is out-
putted from the game apparatus body 200 within a pre-
scribed period of time. Thus a danger that the vibration
is not stopped when the game apparatus body 200 is
hung up or when the reset switch is pressed can be pre-
vented. The vibration is forcedly stopped when a mode
is changed by the change-over switch 18 of the control-
ler body 10.

The inclination detection expansion unit with vibra-
tion function of this example has a wide variety of uses.
For exampie, the inclination detecting function is used,
and the controller itself is operated as the steering
wheel of a car. It is possible that the vibration function is
used to give trivial vibrations when the car is drivenon a
bad road, and strong vibrations are given when the car
collides. It is also possible that the inclination detecting
function is used to operate the coniroller itself as the
column of an airplane. The vibration function may be
used to give trivial vibrations for landing of the airplane,
and strong vibrations may be given when the airplane is
shot.

Third Embodiment

The controller according to a third embodiment of
the present invention will be explained with reference to
FIGs. 43 to 50. FIG. 43 is a plan view of the controller
according to the present embodiment. FIG. 45 is a right
side view of the controller according to the present
embodiment. FIG. 46 is a bottom view of the controller
according to the present embodiment.

As shown in FIG. 43, two grips 5121, 512r for a
player to hold with the hands are extended from a con-
troller body 510 toward the player. A connection cable
514 to be connected to a game apparatus body {not
shown) is provided at the center of the side opposite to
the grips 512I, 512r of the controller body 510.

A start button 516 is provided at the lower central
part of an operational surface 510a which is the upper
surface of the controller body 510. A direction key 518
tor commanding directions is provided on the left side of
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the operational surface :510a. Six command buttons
520x, 520y, 520z, 520a, 520b, 520c are provided onthe
right side of the operational surface 510a.

As shown in FIG. 44, a bulge 510b is provided at
the central back side of the controller body 510. The
bulge 510b and the two grips 5121, 512r enable the con-
troller body 510 to be mounted stably on a flat surface,
as of a table or the like. Parts of the back side of the con-
troller body 510, which are on both sides of the bulge
are recessed, and command levers 5221, 522r are pro-
vided on operational surfaces 510c¢, 510d which are the
recessed parts on both sides of the bulge 510b.

Further, on the operational surface 510¢ which is
the back side of the controlier 510 there is provided a
change-over switch 524 for switching functions of a
cross key 518.

Thus, the controller according to the present
embodiment includes the start button 516, the direction
key 518 and the command buttons 520x, 520y, 520z,
520a, 520b, 520c on the operational surface 510a which
is the upper surface, and includes the command levers
5221, 522r and the change-over switch 524 on the oper-
ational surfaces 510¢, 510d which are the back side of
the controller.

The start button 516 is a command button of the
type that one command can be inputted by once press-
ing the start button. The start button is disposed at the
lower central part of the upper surface, which makes it
difficult to frequently press the start button. The start
button is used to make commands, such as a start com-
mand for starting a game, or others, which do not
require pressing the start button during a game.

The direction key 518 of the present embodiment
can make direction commands for 8 preset directions
which are spaced from each other, the so-called digital
direction commands, and also make continuous direc-
tion commands which command all the directions over
360°, the so-called analog direction commands. The
direction key 518 is disposed on the left side of the oper-
ational surface 510a on the upper surface and is usually
operated by the left thumb of a player.

A mechanism of the direction key 518 will be
detailed with reference to FIG. 47. The direction key 518
is in the form of a circular operational plate 530 appear-
ing on the operational surface 510a. On the upper sur-
face of the operational plate 530, a cross-shaped relief
is formed as a mark for facilitating a player knowing an
operational direction. The operational plate 530 is con-
nected to a circular plate 534 provided beneath the
operational surface 510a. The circular plate 534 is inte-
gral with the operational plate 530 and moves with the
operational plate 530.

On the underside of the circular plate 534 there are
provided convexities 535 at positions corresponding to
four directions: the upward, downward, left and right
directions. A base plate 536 is provided below the circu-
lar plate 534, and rubber switches 538 are provided at
positions opposed to the convexities 535 on the circular
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-plate’534.

When a player operates to tilt the operational plate
530 in one direction, the associated convexity 535
presses down the associated rubber switch 538 to
short-circuit an electrode pattern (not shown) on the
base plate 536 to detect the operational direction. When
the operational plate 530 is tilted in one of the upward,
downward, left and right directions, the associated rub-
ber switch 538 is pressed down, whereby the four direc-
tions can be detected. When the operational plate 530
is tilted in a direction between the upward, downward,
left and right directions, and their adjacent directions,
two rubber switches are pressed down together, and in
total eight directions including the upward, downward,
left and right directions can be detected.

Sectoral encoders 540 are provided on the circular
plate 534 at the ends of two directions crossing each
other. Each encoder 540 has holes 540a opened at a
certain interval along the peripheral edge thereof. As
shown in FIG. 47, the sectoral encoders 540 are moved
up and down in the vicinity of the rod 532 corresponding
to an inclination of the circular plate 534. Photo-inter-
rupters 542 are disposed, holding the peripheral edges
of the respective encoders 540.

Each photo-interrupter 542 includes a light emitting
device (not shown) and a photo-detecting device (not
shown), and detects presence and absence of an object
in an optical path between the light emitting device and
the photo-detecting device. When the encoder 540 is
moved up and down, the associated photo-interrupter
542 detects passing of the holes 540a to detect vertical
positions of the encoder. The encoders 540 are dis-
posed along two directions of the circular plate 534,
which cross each other. Based on vertical positions of
the two encoders 540, a direction of tilt of the circular
plate 543 can be known. Thus an arbitrary direction of
the operational plate 530 operated by a player can be
detected, and all directions over 360° can be com-
manded.

As described above, the direction key 5§18 of the
present embodiment can make not only 8 digital direc-
tion commands, but also all analog direction commands
over 360°. The digital direction command and the ana-
log direction command can be changed over to each
other by the change-over switch 524 provided on the
back side of the controller body 510.

The command buttons 520x, 520y, 520z, 520a,
520b, 520c are of the type that one command can be
inputted by once pressing them, as is the start button
516. The command buttons 520x, 520y, 520z, 520a,
520b, 520c are disposed on the right side of the upper
surface of the operational surface 510a and are oper-
ated usually by the right thumb of an operator.

The command levers 5221, 522r are pulled forwards
to input command amounts which are continuously
changed. The command levers 522I, 522r are disposed
on the left and the right operational surfaces 510¢, 510d
of the back side. As shown in FIG. 49, the command
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‘levers 5221, 522r are pilled forwards by, e.g., the index
‘fingers .or the ‘middle fingers when a player holds the
controller with the grips 512|, 512r with the left and the
right hands.

Mechanisms of the command levers 5221, 522r will
be explained with reference to FIGs. 46 and 48. The
mechanisms of the command levers 5221, 522r are the
same except that they are horizontally symmetrical to
each other, and the command lever 5221 shown on the
right side in FIG. 46 will be explained. FIG. 48 com-
prises explanatory views of component members of the
command lever 5221, which explain their relationships
and show the mechanism of the command lever 5221 as
viewed on the right side.

As shown in FIG. 46, the command levers 522I,
522r have operational levers 550 which are projected
beyond the operational surface 510c. As shown in FIG.
48B, the operational lever 550 includes a shaft 550b
provided at the root of a sectoral operational portion
550a, and the shaft 550b is bent at a right angle. The
operational portion 550a of the operational lever S50 is
pulled forwards and is rotated on the shaft 550b.

A detection mechanism for detecting an operational
angle of the command lever 522! is disposed in the
bulge 510b of the controller body 510. The detection
mechanism includes a sectoral gear, a circular encoder
554 and a photo-interrupter 5561.

The sectoral gear 552 has teeth formed in the arcu-
ate periphery, and a shaft 552a disposed at the center
thereof. The shaft 552a is bent at a right angle and fur-
ther at a right angle. The sectoral gear 552 is rotated on
the shaft 552a.

An end 552b of the shaft 552a of the sectoral gear
552 abuts upon an end 550c of the shaft 550b, and
when the operational lever 550 is rotated on the shaft
550h, the end 550c of the shaft 550b pushes the end
552b of the sectoral gear 552 to rotate the sectoral gear
552.

As shown in FIG. 48A, the circular encoder 554 has
holes 554a formed in the peripheral edge at a certain
interval. The circular gear 554b is formed on the center
of the circular encoder 554. As shown in FIG. 48A, the
circular gear 554b is in mesh with the sectoral gear 552,
and when the sectoral gear 552 is rotated, the circular
encoder 554 is rotated through the circular gear 554b.

A photo-interrupter 556! is disposed, holding the
circular encoder 554 therebetween, and passing of the
holes 554a in the circular encoder 554 is detected to
detect rotation angles of the circular encoder 554 and
rotation angles of the operational lever 5§50. The com-
mand levers 5221, 522r are thus operated to supply con-
tinuously changing command amounts corresponding
fo rotation angles of the operational lever 550, which
cannot be supplied by the command buttons 520x,
520y, 520z, 520a, 520b, 520c.

When a player operates the controller according to
the present embodiment, holding the controller with the
hands as shown in FIG. 49, the left and the right grips
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:512.of.the.controller’body 510 are held:by the:left-and
‘the right hands. The left hand operates the direction key
on the surface with the thumb, and the command lever
522] on the back side with the index finger or the middle
finger. The right hand operates the command buttons
520x, 520y, 520z, 520a, 520b, 520¢ on the surface with
the thumb, and the command lever 522r on the back
side with the index finger or the middle finger. As
described above, according to the present embodiment,
continuously changing commands can be made, which
the conventional controller has found impossible, and
commands of arbitrary directions and commands of
continuously changing directions can be made. The
command levers provided on the back side of the con-
troller allow more complicated commands to be made.
Furthermore, complicated commands can be made rel-
atively easily with the grips stably held.

When the controller according to the present
embodiment is placed on a flat surface, such as a desk,
with three points of the bulge 510b and the grips 5121,
512r supported on the flat surface, the controlier can be
operated in a stable state. When the controller is placed
on a flat surface, such as a desk, as shown in FIG. 45,
the operational surface 510a, which is the upper surface
of the controller with the direction key 510 and the com-
mand buttons 520x - 520¢ provided on, is paralle! with
the flat surface, such as the desk, which enables a
player to easily operate the direction key 518 and the
command buttons 520x - 520c.

When the controller is placed on a desk or the like,
as shown in FIG. 45, the commard levers 522, 522r do
not abut on the desk and define a space which allows
the controlier to be operated with fingers, and the com-
mand levers can be easily operated with both hands
placed on the grips 5121, 512r.

It is often that the controller is roughly handled, and
because of the command levers 5221, 522r are disposed
in the operational surfaces 510¢, 510d which are cavi-
ties beside the bulge 510b on the back side of the con-
froller body 510, even when the controller is dropped or
is hit against another object, the command levers 522i,
522r are prevented from direct impact.

Next, a circuit diagram of the controller according to
the present embodiment will be explained with refer-
ence to the block diagram of FIG. 50.

For the digital direction command by the direction
key 514, an upper contact 538a, a lower contact 538b, a
left contact 538¢ and a right contact 538d are consti-
tuted by the rubber switch 538, and comrespond to the
upward and the downward directions and the left and
the right directions. Outputs from the respective con-
tacts 538a - 538d are inputted to direction key direction
determining means 560. Based on the outputs, the
direction key direction determining means 560 deter-
mines a direction of an inclination of the operational
plate 530 commanded by the direction key 514.

On the other hand, for the analog direction com-
mand by the direction key 514, photo-interrupters 542a,
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"542b are disposed in directions of the circular plate 534

crossing each other. The photo-interrupters 542a, 542b
respectively include counting means ‘562a, 562b for
counting numbers of holes 540a of encoders 540, which
have passed. Based on counted values given by the
counting means 562a, 562b, direction key inclination
direction computing means 564 computes an inclination
direction of the circular plate 534 commanded by the
direction key 514. A most inclined direction is a com-
manded direction.

Output from the direction key determining means
560 or the direction key inclination direction computing
means 564 is selected by change-over switch 524 to be
inputted to data input/output control unit 570.

An output of the start button 516 is inputted directly
1o the data input/output control unit 570.

The photo-interrupter 556! of the command lever
522| and the photo-interrupter 556r of the command
lever 522r respectively include counting means 566,
566r, and count numbers of holes 554a in circular
encoders, which have passed. Based on counted val-
ues given by the counting means 566, command lever
angle computing means 568 compute rotation angles of
the operational levers 550 commanded by the com-
mand levers 522.

Computed outputs from the command lever angle
computing means 568l, 568r are inputted to data
input/output control unit 570.

Outputs of the command buttons 520x, 520y, 520z,
520a, 520b, 520¢ are inputted directly to the data
input/output control unit 570.

The data input/output control unit 570 receives sig-
nals from the above-described component members to
select necessary data corresponding to a data request
outputted by the game apparatus body 600 and sup-
plies the data to the game apparatus body 600 through
the cable 514.

Source electric power of the entire controller is sup-
plied by the game apparatus body 600 through the
cable 514.

As described above, according to the present
embodiment, the command lever is operated to make
continuously changing commands which has been
impossible in the conventional controller. Arbitrary
direction commands can be made by detecting an incli-
nation direction of the operational plate. Furthermore,
the command levers are disposed on the operational
surface, which is the back side of the controller, so that
when the controller is held with the hands, the com-
mand levers can be operated with the index fingers and
middle fingers, and can be easily subtly operated.

The controller according to the present embodi-
ment can realize natural and comfortable operational
feelings in games on which the conventional controller
has found it difficult. In a racing game, for example, the
direction key is used in steering a wheel, the command
buttons are used in the gear shift operation and the shift
lever operation, the left command lever is used in brak-
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‘ing, -and-the ‘right command lever is usediin-accelera-
‘tion, .whereby subtle operations :can be realized with
‘natural feelings. .

Modified Embodiments

The present invention is not limited to the above-
described embodiments and covers other various mod-
ifications.

.For example, the expansion units described in the
first and second embodiments are examples and may
include those embodiments which add other functions.

The direction key of the controller may have a
mechanism other thin the above-described mechanism
of the third embodiment to detect an inclination direction
of the direction key. It is also possible to detect an arbi-
trary angle, based on a direction of an inclination of an
operational unit, such as a joy stick.

In the above-described third embodiment, the dig-
ital direction command and the analog direction com-
mand by the direction key are interchanged by the
change-over switch, but it is possible that the change-
over switch is not provided, and the key direction itself is
operated to change over the digital and analog direction
command. |t is also possible that data of both a digital
direction command and an analog direction command
are supplied for the game apparatus body 1o selectively
use the data.

The command levers of the controller may have a

" mechanism other the above-described mechanism of .

the controller according to the third embodiment to
detect continuously changing command amounts. It is
possible to provide command buttons for outputting one
command by one operation in place of the command
levers provided on the operational surface, which is the
back side of the controller body, and when the controller
is held with the hands, the controller can be easily oper-

- ated with the fingers other than the thumbs, which are
not used, and can have more command buttons than
the conventional controller.

In the above-described embodiments, the present
invention is applied to the controlier to be used with a
game apparatus, but may be applied to controllers as an
input means for controlling electronic devices other than
game apparatuses.

In the present specification, "continuously™ in "con-
tinuously changing®, "continuous command directions”,
etc. include not only the so-called continuous analog
amounts, but also digital amounts of digital signals con-
verted from analog signals, which strictly are not contin-
uous but discrete, but can be seen as continuous in
terms of signal processing.

INDUSTRIAL APPLICABILITY

The present invention is suitable as a controller for
supplying various commands to an electronic apparatus
by operation of the controller by an operator; and more
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vspec'rfically'as a controller.of a game-apparatus, for sup-

plying commands corresponding to game contents

Claims

1. A controller expansion unit which is to be inserted
between a controller body including an operation
key and a game apparatus, and which supplies a
command signal generated by the operation key of
the controller body to the game apparatus body.

2. A controller expansion unit according to claim 1,
comprising:

function expansion means for expanding a
function of the controller body; and

conversion means for converting the command
signal from the controller body, based on a
function expanded by the function expansion
means, and supplying the converted command
signal to the game apparatus body.

3. A controller expansion unit according to claim 2,
wherein

the function expansion means includes photo
signal outputting means for outputting the sig-
nal to the game apparatus body as a photo sig-
nal, and

the photo signal outputted by the photo signal
outputting means is detected by photo signal
detecting means of the game apparatus body.

4. A controller expansion unit according to claim 4,
wherein

the function expansion means includes photo
signal detecting means for detecting a photo
signal from the outside, and

the conversion means combines the photo sig-
nal from the photo signal detecting

means with the command signal from the con-
troller body.

5. A controller expansion unit according to claim 2,
wherein

the function expansion means includes vibra-
tion means for giving a vibration to the control-
ler body, based on a signal from the game
apparatus body or the controller body.

6. A controller expansion unit according to claim 2,
wherein

the function expansion means includes an
operation key for effecting a specific operation,
and



31 {EP:0'835 676/A1 32

ithe«conversion means:combines an operation
:signal:generated by the specific operation key
with ‘the command. signal from the controller
body.

7. A controller expansion unit according to claim 2,
wherein

the function expansion means includes mem-
ory means for storing information, and
the memory means stores information supplied
from the game apparatus body or the controller
body, or information supplied to the game
apparatus body or the controlier body.

8. A controller expansion unit according to claim 2,
wherein

the function expansion means includes display
means for displaying information, and

the display means displays information from
the game apparatus body or the controller
body.

9. A controller expansion unit according to claim 2,
wherein

the function expansion means includes clock
means for counting time, and time display
means for displaying time, and =~

the conversion means combines time informa-
tion counted by the clock means with the com-
mand signal from the controller body.

10. A controller expansion unit according to claim 2,
wherein

the function expansion means includes rotation
angle detecting means for detecting a rotation
angle of the controller body supported thereon,
and

the conversion means combines a rotation
angle signal detected by the rotation angle
detecting means with the command signal from
the controller body.

11. A controller expansion unit according to claim 2,
wherein

the function expansion means includes inclina-
tion detecting means for detecting an inclina-
tion of the controller body, and

the conversion means combines an inclination
signal detected by the inclination detecting
means with the command signal supplied from
the controller body.

12. A controller expansion unit according to claim 11,
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wherein

the conversion means supplies an inclination
signal given by the inclination detecting means
as an alternative to a direction command signal
from the controller body.

13. A controller comprising:

a controller body including an operation key;
and

a controller expansion unit according to any
one of claims 1 to 12.

14. A controller comprising, on an operation surface of
a body of the controller, a direction key for a direc-
tion command, and a plurality of command buttons
for outputting a single command,

the operation surface of the controller body
having a substantially circular outer edge so
that an operator can grip the controller body at
any position around the outer edge of the oper-
ation surface.

15. A controller according to claim 14, wherein

a part of the outer edge of the operation sur-
face of the controller body is shaped in relation

" to a specific direction of the direction key so
that, when the operator grips the operation sur-
face with his hand, he can know the specific
direction of the direction key.

16. A controller according to claim 14, wherein

the controller body includes lugs to be held by
the operator, and

a part of a lug is shaped in relation to a specific
direction of the direction key so that, when the
operator grips the operation surface with his
hand, he can know the specific direction of the
direction key.

17. Acontroller comprising:

a controller body;

a direction key disposed on a first operational
surface of the controller body, and command-
ing a direction;

a plurality of command buttons disposed on the
first operational surface and outputting one
command by one operation; and

a command lever disposed on a second opera-
tional surface of the controller and outputting
continuously changed command amounts by
one operation.
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18. A:controller according to claim 17, wherein

the direction key comprises:

a direction key operating unit;

discrete direction determining means for deter-
mining a spegific direction out of a plurality of
prescribed directions, based on a state of the
direction key operating unit; and

continuous direction determining means for
determining continuous command directions,
based on a state of the direction key operating
unit.

19. A controller according to claim 18, wherein

the direction key further includes change-over
means for changing between the discrete
direction determining means and the continu-
ous direction determining means.

20. A controller according to any one of claims 17 to 19,
wherein

the command lever is a command button which
outputs one command by one operation.

21. A controller according to any one of claims 17 to 19,
wherein

the direction key and the command buttons are
disposed at positions which facilitate operation
with the left and the right thumbs of an operator
when he holds the controller body with the left
and the right hands, and the command lever is
disposed at a position which facilitates opera-
tion with fingers other than the thumbs.

22. A controller according to any one of claims 17 t0 21,
wherein

the controller body includes two grips to be
held by an operator; and

the direction key and the command buttons are
disposed at positions which facilitate operation
with the left and the right thumbs of the opera-
tor when he holds the two grips with the left and
the right hands, and the command lever is dis-
posed at a position which facilitates operation
with fingers other than the thumbs.

23. A controller according to claim 22, wherein

a projection is provided on the second opera-
tional surface of the controller body;

the controller can be placed on a flat surface,
supported by the projection and the two grips;
the direction key and the command buttons are
disposed at positions which facilitate operation
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with the left and the right thumbs:of an operator
wwhen.the controller’is placed.on:a flat:surface,
and the command lever is disposed at-a posi-
tion which facilitates operation with fingers
other than the thumbs.

24. A game apparatus connected to the controfler
according to any one of claims 13 to 23 and execut-
ing a game to be controlled by a command from the
controller.
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FIG.9A

PIN ARRANGEMENT OF EXPANSION UNIT 26
FOR CONTROLLER BODY 10

SIGNAL | PIN

NAME | NO. CONTENTS

TH P4 IMAINLY CONTROL LINE ( SELECT ) FROM EXPANSION UNIT

PS5 |[MAINLY CONTROL LINE (REQUEST ) FROM EXPANSION UNIT

MAINLY CONTROL LINE ( RESPONSE ) TO EXPANSION UNIT

MAINLY DATA LINE (3 BITS)

MAINLY DATA LINE ( 1BIT)

cijo|le|=|{8 |3

P6
P7
P8 [MAINLY DATA LINE (2BITS)
P2
P3

MAINLY DATA LINE (OBIT)

vcc | P1 |[ELECTRIC POWER SOURCE (+5V)

GND | P9 |GND

PIN ARRANGEMENT OF CONNECTOR 41
FOR EXPANSION UNIT 40
SIGNAL | PIN
NAME |NO CONTENTS

TH P4 |MAINLY CONTROL LINE ( SELECT ) TO CONTROLLER

P5 |MAINLY CONTROL LINE (REQUEST ) TO CONTROLLER

P6 |MAINLY CONTROL LINE ( RESPONSE ) FROM CONTROLLER

MAINLY DATA LINE (3 BITS)

P8 |MAINLY DATA LINE (2BITS)

P2 |MAINLY DATA LINE ( 1BIT)

clolel=|8 |3
3

P3 {MAINLY DATA LINE (0BIT)

VvCC | P1 |ELECTRIC POWER SOURCE (+5V)

GND | P9 |GND
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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a controller for
use in game machines and more particularly, to a
controller unit adapted for three dimensional game
applications.

2. Description of the Related Art

A known controller unit for game machines is
disclosed, for example, in United States Patent No.
5,207,426 and adapted for two dimensional game
applications.

Referring specifically to Fig. 11, a controller
unit 30 for game machines comprises, among oth-
ers, a housing 31, a direction control section 32 as
a first control means, a first action control section
37 as a second contro!l means, a second action
control section 39 as a third control means, a
selector switch 30a, and a game start switch 30b.

In order to enable a user to readily hold the
housing 31 by his hands, the housing 31 is ellipsoi-
dal in shape with an elongated cenfral recess in the
lower or long side and is in the form of eyeglasses
as viewed in plan.

The housing 31 has right and left arcuate por-
tions. The direction control section or first control
means 32 is situated at one of the arcuate portions
(left side in Fig. 11) of the housing 31. The first
action control section or second contro! means 37
is situated at the other arcuate portion (right side in
Fig. 11) of the housing 31. The second action
control section or third control means 39 is situated
at one side of the housing 31 upwardly of the
direction control section 32 and the first action
control section 37.

The direction control section or first control
means 32 is an integral switch and has four cross-
shaped contacts, that is, upper, lower, right and left
contacts.

The direction control section 32 is cross-
shaped and has four ends on which triangular
directional marks 33 are provided to enable the
user to feel by his fingers in which direction an
object is moved when each end is depressed.

As shown in Fig. 12, the direction control sec-
tion 32 includes upper, lower, right and left ends or
key elements 34 and corresponding contacts lo-
cated below the key elements. Alternatively, the
direction control section 32 may include a base 35,
a plurality of mutually perpendicular key elements
36 on the base 35, and corresponding contacts
below the key elements 36 through the base 35, as
shown in Fig. 13. These arrangements are both
known in the art.
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As shown in Fig. 11, the first action control
section or second control means 37 has four key
slements 38a, 38b, 38c and 38d provided at the
quandrants of a circle. Each of the key elements
3Ba, 38b, 38¢ and 38d is cylindrical in shape and
extends from its base. These key elements 38a,
38b, 38c and 38d control action of the object in
accordance with a program rather than the unit per
s6 and are referred to as action switchss to control
A to D actions. To this end, marks A to D are
present on the surfaces of the switches.

As shown in Fig. 11, the second action control
section or third control means 39 includes a pair of
elongated key elements 40a and 40b provided at
one side of the housing and located upwardly of
the direction control section 32 and the first action
control section 37. The key elsments 40a and 40b
have a width smaller than the thickness of the
housing.

The key elements 40a and 40b have one ends
(adjacent to the central portion of the housing 31)
supported by corresponding bearings {(not shown)
in the housing 31 and the other or free ends (at the
right and left sides of the housing 31). The key
eloments 40a and 40b are curved from their one
ends toward the other or free ends and extend
along the arcuate sides of the housing 31.

In this controller unit 30, the key elements 38a,
38b, 38¢c and 38d of the first action control section
37 may be positioned mutually perpendicular to
one another to selectively control up and down and
right and left movement of the object in response
to a given program.

That is, the controller unit 30 can be used to
contro) movement in two different directions.

When the object in a game is, for example, a
battle tank, the second action control section 39 is
actuated to shoot a gun or launch a missile.

The first action control section 37 may be used
as direction control means, whereas the up and
down and right and left points of the direction
control section 32 may be used as action control
means. This arrangement enables a left-handed
user to readily manipulate the controller unit if a
game requires movement only in one direction.

The direction control section 32 includes a
plurality of key elements (34 and 36) arranged in
an integral fashion. Various other switches have
also been proposed as follows.

Referring firstly to Fig. 14, Japanese laid-open
utility model publication No. 61-194231 published
on December 3, 1986 discloses a direction control
section 32A mounted to a housing 31A at a suit-
able position (for example, at 32 in Fig. 11). The
direction control section 32A includes a key ele-
ment 36A having key faces 42, a semispherical
fulcrum member 41 extending centrally from the
lowsr surface of the key element 36A, and a resil-
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ient body 44 connected to one side of the key
element 36A opposite the key faces 42 and adapt-
ed to make electrical contact with the contact of a
base plate 43. The key faces 42 of the key element
36A normally extend out of the top surface of the
housing 31A under the action of the resilient body
44, When one of the key faces 42 Is depressed,
the fulcrum member 41 is brought into point con-
tact with the base plate 43. Further depression of
the key face 42 causes the key element 36A to
pivot about the fulcrum member 41 in a selected
direction. As a result, the resilient body 44 is flexed
to cause a movable contact 45 adjacent to that key
face to make electrical contact with a fixed contact
46 on the base plate 43. Thus, when any one of

the key taces 42 is depressed, the key element is .

swung about the fulcrum member 41 in a selected
direction to make electrical contact.

Referring secondly to Fig. 15, Japanese laid-
open utility mode! publication No. 5-87778 pub-
lished on November 26, 1993 discloses a direction
control section 32B mounted to a housing 31B at a
suitable position (for example, at 32 in Fig. 11). The
direction control section 32B includes a key ele-
ment 36B with & semispherical recess 47 centrally
formed in the bottom of the key element 36B, a
semispherical recess 48 formed in the bottom of
the housing 31B, a spherical body or ball bearing
49 received in the recesses 47 and 48, and a
resilient body 44A having rubber contacts 50 at
locations corresponding to key faces 42A of the
key element 36B. With this arrangement, when the
key face 42A of the key element 36B is depressed,
the key element 36B is swung about the ball bsar-
ing 49 in a selected direction to press the rubber
contact 50 of the resilient body 44A so as to make
electrical contact.

Referring thirdly to Fig. 16, Japanese laid-open
utility model publication No. 6-017070 published on
March 4, 1994 discloses a direction control section
32C mounted to a housing 31C at a suitable posi-
tion (for example, at 32 in Fig. 11). The direction
control saction 32C includes a key element 36C
having a central flat portion 51 at its bottom, a
spherical ball 52 adapted to make contact with the
flat portion 51, a base plate 43A mounted on the
bottom of the housing 31C and having fixed con-
tacts 46A, and a resilient body 44B disposed be-
tween the base plate 43A and the key element 36C
and having movable contacts 45A. With such a
switch mechanism, when a key face of the key
element 36¢ is depressed, the flat portion 51 of the
key element 36C is brought into contact with the
ball 52.

Further depression causes the key element
36¢ to be swung about the ball 52 and inclined in a
selected direction. As a result, the resilient body
44B is flexed to provide an electrical contact be-
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tween the movable contact 45A and the fixed con- -

tact 46A. When the key element 36C is relsased,
the key element 38C is returned to its home posi-
fion under the action of the resilient body 44B and
extends out of the housing 31C.

Referring fourthly to Fig. 17, Japanese laid-
open utility model publication No. 6-38137 pub-
lished on May 20, 1894 discloses a direction con-
tro! section 32D mounted to a housing 31D at a
suitable position (for example, at 32 in Fig. 11). The
direction control section 32D includes a key ele-
ment 36D with a semispherical recess 47D formed
centrally in the bottom of the key element 38D, a
base plato 43B mounted on the bottom of the
housing 31D and having fixed contacts 46B, a
resilient body 44B disposed between the key ele-
ment 36D and the base plate 43B and having
movable contacts 45B, and a spherical ball 52B
placed centrally in the resilient body 44B and
adapted to engage with the recess 47A of the key
element 36D.

With this arrangement, when a key face of the
key element 36D is depressed in a selected direc-
tion, the recess 47A is brought into contact with the
ball 52B to provide a center axis. Further depres-
sion causes the key element 36D to pivot about the
ball 52B in the direction in which the key face Is
depressed. As a result, the resilient body 44B is
flexed to provide an electrical contact between the
movable contact 45B and the fixed contact 46B.

However, such conventional controlier units for
game machines suffer from the following problems.

(1) The configuration of the housing is adapted
for use in a game wherein movement is con-

trolled in two ways. The key elements are

mounted at a suitable position of the housing. In
the prior art, the housing itself is supported by
some of the fingers while the remaining fingers
are used to manipulate the key elements. The
prior art controlior may function when a two
dimensional game program is employed, but is
unable to work with a three dimensional game
program.

(2) The structure of the key elements is not
suitable for use in a three dimensional pro-
grammed game.

(3) It is necessary to increase the number of key
elements of & controller {microcomputer or simi-
lar devices) as game softwares become more
sophisticated. if the key elements are arranged
on the top of the controller, mainly the thumb is
used to manipulate the key elements. This ma-
nipulation is complicated and cumbsrsome.

{4) The key elements used to control movement
are cross-shaped or circular and may control
oblique movement. However, it is not possible to
identify a correct key element and provide ac-
curate control of movement in vertical and lat-
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eral directions (X- and Y-axes directions) as well
as in an oblique direction {Z-axis direction) when
a sophisticated software is employed

(5) The switches are adapted to contro! move-
ment in response to softwares used. To this
end, the switches are painted with diffetent col-
ors or assigned alphabstical letters such as A to
D so as to indicate A fo D actions. It is not
possible to immediately identify which color or
alphabestical letter indicates "YES" or "NO", but
the "YES" and "NO® key elements are fre-
quently used in a game.

(6) A plurality of integral key elements include a
plurality of corresponding contacts. A spherical
body is used to support the key elements. The
key elements are swung about the spherical
body to make electrical contact. The top of each
key element extends from the housing. As such,
the user is unable to positively identify subtle
movement by the feel of his finger tips.

(7) The key elements are formed in an integral
fashion. The key elsments have a cross or cir-
cular shape. The fulcrum member is disposed
only below the key elements. The key body
extends from the housing and has its outer
peripheral edge engaged with the opening in the
housing. This arrangement makes the entire key
elements shaky, causes offset and deformation
of the key elements, and deteriorates the oper-
ability of the key elements.

Thus, the configuration of the housing, and the
arrangement of the key slements must be modified
in order to properly control movement of an object
in a three dimensional game in accordance with a
sophisticated software, particularly a three dimen-
sional game program. Also, the structure of the key
elements must be changed in order to control
movement in a complicated and sophisticated man-
ner.

SUMMARY OF THE INVENTION

In order to overcome the foregoing problems,
there is provided a controller unit for game ma-
chines, which comprises a plurality of control sec-
tions and switches manipulatable by fingers, and-a
vertically separable housing with handles diverging
from the housing and contacted with and supported
by the paims of both hands of a user.

The housing includes first and second control
sections. The first control section is arranged on
the upper surface of the housing and connected to
one of the handies. The second control section is
arranged on the upper surface of the housing and
connected to the other handle. The control sections
are oriented substantially paralle! to a surface on
which the housing is placed. The housing also
includes third and fourth control sections. The third
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and fourth control sections are arranged in the front
side of the housing and located forwardly of the
first and second control sections, respectively. The
first control section includes a plurality of key ele-
ments in an integral fashion. The key elements
each extend upwardly from the housing.

Also, there is provided & controller unit for
game machines, which includes a vertically separa-
ble housing on which a control section is mounted.
The control section comprises a first recess formed
centrally in the bottom of a piurality of integrai key
elements, a fuicrum member located below and
spaced a short distance away from the integral key
elements, a resiliont body adapted to urge the
integral key elements upwards and including elec-
tric contacts, a second recess formed centrally in
the top of the integral key elements, and a projec-
tion mounted to the housing and corresponding in
location to the second recess.

The second recess and the projection have
semispherical surfaces. The first recess has a
semispherical surface, and the fulcrum member
has a spherical surface. The housing has a sub-
stantially cross-shaped recess which corresponds
in location to the integral key elements. The in-
tegral key elements are tapered toward the center
of the substantially cross-shaped recess. The sub-
stantially cross-shaped recess includes marks
adapted to indicate the functions of the respective
integral key elements. The substantially cross-
shaped recess is centrally processed to identify its
center. The second control section includes & piu-
rality of key elements, and the housing has a
substantially cross-shaped recess which corre-
sponds in location to the integral key elements.
The second control section includes different
marks or colors to indicate its functions. The third
and fourth control sactions extend from the front
side of the housing. Each of the third and fourth
control sections includes an upper control key and
a lower contro! key.

By this arrangement, the controller unit for
game machines according to the present invention
is operated as follows. '

The controller unit comprises a plurality of con-
trol sections and switches, and a vertically separa-
ble housing with a pair of handles diverging toward
a user and gripped by the palms of both hands of
the user. This arrangement enables the user to
freely use his fingers of the both hands to manipu-
late a plurality of key elements and improves the
operability in a three dimensional game.

When the housing is placed on a flat surface,
the control sections are oriented substantially par-
allel to that surface. This arrangement insures posi-
tive depression of the key elements not only when
the housing is held by the paims of the both hands,
but also when the housing is placed on a predster-
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mined flat surface.

The first control section is arranged on the
upper surface of the housing and connected to one
of the handies, and the second control section is
arranged on the upper surface of the housing and
connected to the other handle. This arrangement
enables the user to manipuiate the key elements
with the handles held by the palms of the both
hands and thus, permits positive manipulation of
the key elements. .

The third and fourth control sections are moun-
ted forwardly of the first and second control sec-
tions, respectively. This arrangement allows direc-
tion and action control in at least two ways and
thus, playing of a sophisticated game in a three
dimensional spacse.

The switches are provided between the first
and second control sections. This arrangement en-
ables the user to readily start a program and select
the desired level of skill.

The first control section or a plurality of integral
key eloments separately extend above the housing.
This arrangement enables the user to manipulate
the plurality of key elements as if a switch is
changed from on to off or vice versa and also, to
readily identify the position of each key element by
the fingers when the handles are gripped by the
paims of the both hands.

The first control section or integral key ele-
ments extend separately and upwardly from the top
of the housing. The key elements extend radially
outwardly from the center or direction control sec-
tion of the housing. A spherical or fulcrum member
is located centrally below the bottom of the key
body. The key elements are divided by the housing
and are independently operable. This arrangement
enables the user to identify the direction of move-
ment of an object only by the feel of his fingers.
Point contact between the fulcrum member and the
integral key elements provides smooth switching
operation.

The housing has a substantially cross-shaped
recess or step which corresponds in location to the
integral key elements of the first control section.
This arrangement enables the user to determine
positional relationship between the key elements
by the fesl of his finger tips.

The integral key elements of the first control
section are tapered upwardly and outwardly from
the center of the substantially cross-shape recess.
This arrangement enables the user to readily iden-
tify the direction of each key element by the feel of
his finger tips.

The substantially cross-shaped recess includes
marks to indicate the function of each key slement.
This arrangement enables the user to identify the
direction of movement of the object not only by the
feet of his finger tips, but also visually by his eyes.
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The substantially cross-shaped recess is pro-
cessed to provide a center mark. This allows the
user fo identify the center of the key elements by
the feel of his finger tips before depression or
during operation and thus, to rapidly determine
which one of the key elements is to be depressed.

The second control section includes a substan-
tially cross-shaped recess in which a plurality of
separate key elements are provided. Each of the
key elements provides a specific function. This
arrangement enables the user to determine posi-
tional relationship between the key elements only
by his finger tips.

The key elements of the second control section
include different marks or colors to indicate their
functions. This allows the user o visually identify
the function of each key element.

The third and fourth control sections project
from the front side of the housing. This allows the
user to manipulate the key elements by his fingers,
as if he pulls the trigger of a gun, while his hands
are gripping the handles.

The third and fourth control sections each in-
clude upper and lower key elements. For example,
the index and third fingers of the both hands may
be used to simultaneously manipulate these key
elements. . '

The controller of the present invention thus
constructed offers the following advantages.

The controller unit comprises a plurality of con-
tro} sections and switches, and a vertically separa-
ble housing with a pair of handles diverging toward
a user and gripped by the palms of both hands of
the user. By this arrangement, it is possible to
safely and accurately manipulate the key elements
by the thumb, index and third fingers with the
housing supported within the palms of the user,
and also, improve the operability of the key ele-
ments in a three dimensiona!l game.

When the housing is placed on a surface, the
control sections are oriented substantially parailel
fo that surface. By this arrangement, it is possible
to safely manipulate the key elements not only
when the housing is gripped by the palms of the
both hands, but also when the housing is placed on
a predetermined flat surface since the key ele-
ments are substantially parallel to the flat surface.

The first control section is arranged on the
upper surface of the housing and connected to one
of the handles, and the second control section is
arranged on the upper surface of the housing and
connected to the other handle. By this arrange-
ment, it is possible to manipulate the key elements
by as many as ten fingers in a stable manner with
the housing supported within the palms of the both
hands.

The third and fourth control sections are moun-
ted forwardly of the first and second control sec-
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tions, respectively. By this arrangement, it is possi-
ble to sufficiently manipulate the key elements by
as many as ten fingers with the housing supported
within the palms of the both hands so as to control
movement and action in at least two ways and
thus, conirol movement of an object in a three
dimensional space in a sophisticated manner.

The switches are provided between the first
and second contro! sections. By this arrangement,
it is possible to readily start a program and select
the desired level of skill by using the fingers,
particularly thumb, with the housing supported
within the palms of the both hands.

The first control section or integral key ele-
ments separately extend upwardly from the top of
the housing. It is thus possible to readily grip by
the index fingers with the housing supported within
the palms of the both hands and thus, provide high
operability.

The housing has a substantially cross-shaped
recess in which the integral key elements of the
first control section is arranged. By this arrange-
ment, it is possible to determine positional relation-
ship betwesen the key elements by the fesl of the
finger tips due to the difference in height between
the koy elements and the recess, with the housing
supported within the palms of the both hands and
thus, provide high operability.

The integral key elements of the first control
section extend radially from the center of the hous-
ing (in four directions). The integral key elements
also extend upwardly from the top of the housing.
A spherical body or fulcrum member is located
centrally below the bottom of the key elements or
base. The key elements are separately arranged on
the housing. By this arrangement, it is possible 1o
reduce shakiness, offset and deformation of the
key body and thus, improve the operability of the
key elements. it is also possible to identify the
direction of movement by the fee! of the hands.
Swing motion of the key elements through point
contact enables smoother switching operation.

By reducing the shakiness, offset and deforma-
tion of the key body, it is possible to increase the
service life of rubber contacts used to effect
switching operation.

The integral key elements of the first control
saction are tapered from the center of the substan-
tially cross-shape recess. By this arrangement, it is
possible to identify each key element by the fee! of
fingers with the housing supported within the palms
of the both hands.

The substantially cross-shaped recess includes
marks to indicate the function of each of the in-
tegral key elements. By this arrangement, it is
possible to identify each key element by the fael of
the fingers as well as by the eyes of the user.
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The substantially cross-shaped recess is pro-
cessed to provide a center mark. By this arrange-
ment, it is possible to identify the center of the key
elements by the fesl of the finger tips with the
housing supported within the paims of the both
hands. : s

The second contro! section includes a substan-
tially cross-shaped recess in which a plurality of
separate key elements are arranged. By this ar-
rangement, it is possible to readily determine posi-
tional relationship between the key elements only
by the finger tips with the housing supported within
the palms of the both hands.

The key elements of the second control section
include different marks or colors adapted to in-
dicate their respective functions. It is thus possible
{o visually identify the function of each key element
with eass, it a larger number of key elements are
employed to control movement within a thres di-
mensiona! space.

The third and fourth control sections project
from the front side of the housing. By this arrange-
ment, it is possible to rapidly manipulate the key
elements by free fingers with the handles sup-
ported within the paims of the both hands.

The third. and fourth control sections each in-
clude upper and lower key elements. By this ar-
rangement, it is possible to rapidly manipulate the
key eloments by the index, third or other fingers
with the housing supported within the palms of the
both hands.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described by
way of example with reference to the accompany-
ing drawings in which:

Fig. 1 is a perspective view of a controller unit
for game machines, according to the present
invention;

Fig. 2 is a perspective view of the.controller unit
shown in Fig. 1, with the unit held by the palms
of the both hands of a user and manipulated by
the user’s fingers;

Fig. 3 is a top plan view of the controller unit
shown in Fig. 1;

Fig. 4 is a front view of the controller unit shown
in Fig. 1

Fig. 5 is a side view of the controller unit as
viewed from a first control section;

Fig. 6 is a perspective view, on an enlarged’

scale, showing the principal part of the first

control section;

Fig. 7 is a sectional view taken on the line A-A

in Fig. 3 with a key element depressed in a
" forward direction;

Fig. 8 is a sectional view taken on the line A-A

in Fig. 3 with the key element in a home posi-
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tion;

Fig. 9 is a sectional view taken on the line A-A
in Fig. 3 with the key element depressed in a
rearward direction;

Fig. 10 is a sectional view taken on the line A-A
in Fig. 3 with the key element depressed in a
rearward direction;

Fig. 11 is a top plan view of a conventional
controller unit for game machines in use;

Fig. 12 is a perspective view showing the princi-
pal part of a direction control section shown in
Fig. 11;

Fig. 13 is a perspective view showing the princi-
pal part of a modified direction control section;
Fig. 14 shows a first example of the direction
control section;

Fig. 15 shows a second example of the direction
control section; :

Fig. 16 shows a third example of the diraction
control section; and

Fig. 17 shows a fourth example of the direction
control section.

DETAILED DESCRIPTION OF PREFERRED EM-
BODIMENTS

Referring to Fig. 1, there is shown a controller
unit 1 for game machines, according to one em-
bodiment of the present invention. The controller
unit 1 is in the form of eyeglasses and comprises a
vertically separable housing 3 composed of an
upper housing half 2A and a lower housing half 2B
and including a first grip 4 and a second grip 5
extending from opposite longitudinal ends of the
housing and held by the palms of the both hands
of a user, a start/selector switch section 6 provided
at the narrow center of the housing 3 and adapted
to start a game and select the desired level of skill,
first and second circular control sections 9 and 24
symmetrically provided at opposite ends of the
housing 3 and including a plurality of switches, and
third and fourth control sections 29 and 30 sym-
metrically provided at the front side of the housing
3 and including a plurality of switches manipulat-
able by the index and third fingers of the user.

The first grip 4 and the second grip 5 serve as
a handle to enable the user to hold the controller
unit 1 by the palms of the both hands. The first
grip 4 and the second grip 5 extend rearwardly and
downwardly from opposite longitudinal ends of the
housing 3 and diverge toward the user at an angle
of approximately 45 degrees. The first grip 4 and
the second grip 5 are thus in the form of horns and
coliectively form a handle.

As shown better in Fig. 2, this' arrangement
enables the user to hold the controller unit by the
palms of his hands and eliminates the need to hold
the housing 3 by his finger tips. The user is able to
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manipulate the unit by as many as ten fingers. For
oxample, the first and second control sections 9
and 24 may be operated by the thumbs of the left
and right hands, respectively, while the third and
fourth control sections 29 and 30 may be operated
by the index and third fingers of the Isft and right
hands, respectively.

As shown particularly in Fig. 5, the contro}
sections can be operated with the housing 3 placed
on a fiat surface. In such a case, it is not necessary
to hold the housing 3 by the palms of the right and
left hands.

More specifically, when placed on a predeter-
mined surface (as shown by imaginary line in Fig.
5), the housing 3 is supported at four points, that
Is, the bottom of each of the third and fourth
control sections 29 and 30 and the bottom of each
of the first and second grips 4 and 5. In this state,
the switches of the first and second control sec-
tions 8 and 24 extend substantially parallel to the
surface on which the housing rests or, more spe-
cifically, is slightly inclined downwards.

The contro! sections can safely be operated
when the housing 3 is placed on a predetermined
fiat surface as well as when the housing 3 is held
by the palms of the hands of the user.

Roferring to Fig. 3, the starVselector swiich
section 6 is a switch located between the first
control section 9 and the second control section 24
and comprises a selector switch 7 and a start
switch 8. The selector switch 7 is used to select,
for example, the desired level of skill. The start
switch B is used to start a game.

Referring to Figs. 1, 6 and 7, the first control
section 9 includes a substantially cross-shaped re-
cess 10 formed in one circular end {right end in
Figs. 1 and 2) of the housing 3, four marks 11a,
11b, 11¢ and 11d formed on the upper, lower, right
and left ends of the recess 10 and adapted to
indicate the direction in which an object is moved,
and an integral key body 12 having four key ele-
ments which are located inwardly of the corre-
sponding marks 11a to 11d and separately extend
through four corresponding opanings. ’

The first control section 9 also includes four
openings 21 having a shape complimentary to the
shape of each of the key slements 14a, 14b, 14c
and 14d of the key body 12 and directed to the
center of the key body 12, a central key support 22
surrounded by the openings 21, a semispherical
projection 23 extending centrally from the central
key support 22, a resilient body 18 having four
movable contacts 19A, a spherical fulcrum member
20 located at the center of the four key elements
14a to 14d and adapted to journal the key body,
and a circuit board 19C having four fixed contacts
19B in confronting relation to the movable contacts
19A.
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Referring to Figs. 6 and 7, the key body 12
includes a circular base 13, the four key elements
14a, 14b, 14c and 14d integrally formed in the
upper surface of the base 13, a semispherical first
recess 15 formed centrally in the lower surface of
the base 13 and adapted to engage .with the ful-
crum member 20, a semispherical second recess
16 formed centrally in the upper surface of the
base 13 and adapted to engage with the projection
23 of the central key support 22, and a contact
guide 17 extending downwardly from the base 13
and adapted to press the rear surfaces of the
moveble contacts 19A.

As shown better in Fig. 8, each of the four key
olements 14a to 14d extends from the upper sur-
face of the base 13 and has a pentagonal shape.
Each key element is also tapered and has a thick-
ness which increases from the center of the base
13 toward the outer periphery of the base 13. The
key elements 14a to 14d of the key body sepa-
rately extend upwardly from the housing 3 through
the openings 21.

The resilient body 18 is disposed betwesn the
board 19C and the key body 12. The movable
contacts 19A of the resilient body 18 correspond in
number to the key elements 14a to 14d and are
rubber contacts. - _.

The fulcrum member 20 is spherical in shape,
is placed at the center of the key body 12, and
corresponds in location to the central key support
22. The fulcrum member 20 is engaged with the
first recess 15.

With the key body 12 mounted in the housing,
each of the key elements extends radially from the
central key support 22. Each of the key elements
has a pentagonal shape. A part of the key element
adjacent to the central key support has a height
such that the user may feel by his fingers the
difference in height between the key element and
the central key support 22. The key element has a
height which increases in a direction away from the
central key support 22.

When the user puts his finger on the center
(that is, central key support 22) of the first control
section 9, he may readily determine the positional
relationship by his finger tip because there is a
difference in height betwsen the center of the first
control section and the key elements. Each of the
top surface of the key elements 14a to 14d has a
height which gradually increases in a direction
away from the center of the first control section.
This configuration readily guides the finger tip of
the user and enables the user to identify which one
of the key elemants is pressed when the user
slides his finger tip from the inner end toward the
outer end of each key element.

In the illustrated embodiment, the central key
support 22 at the center of the first contro!l section
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has a flat top. Altematively, it may have a round
top 22a, as shown by broken line in Fig. 7, so as to
enable the user to readily identify the central key
support 22 by his finger. Still alternatively, it may
have a groove or a projection.

When the first control section 9 is not in use,
the resilient body 18 urges the contact guide 17
and thus, the key body 12 upwards so as to bring
the semispherical second recess 16 of the key
body 12 into engagement with the semispherical
projection 23 of the central key support 22 &s
shown in Fig. 8. At this time, the circular edge of
the base 13 is engaged with the edge of the
opening 21. This is the home position of the key
body 12 whersin the key elements 14a to 14d
extend out of the housing 3.

When the key element 14c, for example, is
depressed in the direction of the arrow A or B as
shown in Fig. 9, the first recess 15 of the key body
12 is brought into engagement with the spherical

fulcrum member 20. The key body 12 is then slid

on the spherical surface of the fulcrum member 20
to the right in Fig. 8 so as to press down the
resilient body 18. As a result, the resilient body 18
is flexed to cause the movable contact 19A to be
moved closer to the fixed contact 19B below this
movable contact 19A.

As shown in Fig. 10, the first recess 15 of the
key body 12 continues to be slid on the spherical
surface of the fulcrum member 20 on further de-
pression of the key element 14c. This results in
electrical contact between the movable contact 19A
and the fixed contact 19B.

When the key element 14c is released, the first
recess 15 is moved away from the spherical ful-
crum member 20 under the action of the resilient
body 18. That is, the key slement 14c is swung to
the left in Fig. 10. As a result, the movable contact
19A is separated from the fixed contact 198 (Fig.
9). The second recess 16 is then brought into
engagement with the projection 23. Finally, the key
element 14¢ is returned to its home position (Fig.
8) while it is rotated in a counterclockwise direction.

As shown in Fig. 7, when the key element 14a
is depressed in a forward direction {in a direction
indicated by C in Fig. 7), the resilient body 18 is
flexed to cause the first recess 15 to be slid on the
spherical surface of the fulcrum member 20. As a
result, the key slement 14a is moved forwardly and
downwardly to make electrical contact. This opera-
tion is identical to that described with reference to
Figs. 8 to 10 and will not be described herein.

The key elements in the first control section
are journaled on the fulcrum member 20 and are
so swunp as to make electrical contact, with the
spherical recess and the spherical fulcrum member
being in contact with one another. As the key
elements 14a to 14d are separately aanged in the
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housing, they can be depressed in any direction
rather than only in one direction. This enables
smooth switching operation and prevents shaki-
ness, offset and deformation of the key body 12.

Reference will now be made to the second
control section 24. Referring specifically to Figs. 1
and 2, the second control section 24 comprises a
substantially cross-shaped recess 25 formed in the
other, circular end (isft end in Figs. 1 and 2) of the
housing, four openings 26 formed in the upper and
lower and right and left ends of the cross-shaped
recess 25, and a first action control switch 27
including four cylindrical key elements 28a, 28b,
28c and 28d which extend upwardly through the
corresponding openings 26.

As shown better in Fig. 3, the first action con-
trol switch 27 includes four separate, up and down
and right and left switches located in the cor-
responding ends of the cross-shaped recess 25.
The key elements 28a to 28d correspond to these
switches and extend slightly upwardly from the
surface of the recess 25.

The key elements 28a to 28d each include
marks such as a square mark, @ cross mark, a
circular mark and a triangular mark, so as to allow
ready identification of their functions.

In the illustrated embodiment, the upper key
element 28a, the right key element 28b, the lower
key element 28c and the left key element 28d are
assigned a square mark, a cross mark, a circular
mark, and a triangular mark, respectively.

The circular and cross marks are assigned to
particular key elements which are most easily ma-
nipulated by the right hand of the user in accor-
dance with given programmed instructions and
which are subject to frequent use. This arrange-
ment enables the user to readily identify a mini-
mum number of necessary switches to determine
whether the answer is "YES" or "NO" even if a
large number of switches are provided.

In order to differentiate the housing 3 from the
key elements, the key elements may be colored.

Reference will next be made to the third and
fourth control sections 29 and 30. Referring to Figs.
1 to 3, the third and fourth control sections 29 and
30 each include upper and lower elongated open-
ings 31 extending in paralle! to one another and
formed in the projscted front side of the housing
forwardly of the first and second control sections 9
and 24, respectively, and second action control
switches 33A and 33B having. elongated key ele-
ments 32a and 32b and 34a and 34b, respectively
which are fitted within and extend forwardly through
the respective openings 31.

Referring to Figs. 4 and 5, the second action
control switches 33A and 33B are switches for the
third and fourth control sections 30 and 29 pro-
vided on the front side of the housing 3. As shown
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better in Fig. 4, the second action control switches
33A and 33B are laterally symmetrical and include
a pair of paralle! upper and lower key elements 34a
and 34b and a pair of paralle! upper and lower key
elements 32a and 32b, respectively. Thus, there
are provided a total of four switches. These four
switches are assigned a right-up mark, a right-
down mark, a left-up mark, and a left-down mark,
respectively to indicate the directions in which the
object can be moved.

The tight-up key element 34a and the right-
down key element 34b can be manipulated si-
multaneously by the index and third fingers of the
right hand, respectively, while at the same time, the
left-up key element 32a and the left-down key
element 32b can be manipulated simultaneously by
the index and third fingers of the left hand, respec-
tively. However, it is not necessary to manipulate
the key elements 32a, 32b and 34a, 34b by these
fingers. Alternatively, the index fingers of the right
and left hands of the user may be used to manipu-
late the key elements 32a and 34a as well as the
key elements 32b and 34b.

Again, the first, second, third and fourth control
sections 9, 24, 29 and 30 can be manipulated
simultaneously by as many as ten fingers of the
both hands, while the first and second grips 4 and
5 are held by the palms of the both hands. These
control sections can be manipulated only by one
hand or a combination of one hand and both
hands. Accordingly, the present invention has im-
proved operability and is adapted for use in 2
complicated video game wherein an object is
moved in a three dimensional space.

In the controller unit 1 with high operability, the
user can enjoy virtual reality through a three di-
mensional game by operating the controller unit 1
with the first, second, third and fourth control sec-
tions 9, 24, 29 and 30 singly or in any combination.

Thus, the present invention is particularly suit-
able for use in thres dimensional games including
airplanes or submarines as objects.

For example, an airplane is moved fommd
while being rotated in a clockwise dirsction when
the key element 14a of the first control section 9
and the right-down key element 32b of the fourth
contro! section are both depressed.

When the key elements 14a and 14b of the
first control section 9 are simultansously de-
pressed, and also, the right-up key element 32b of
the third controi section 29 is depressed, the air-
plane is moved to the right while being rotated in a
clockwise direction.

When the key element 14a of the first control
section 9, the right-up key element 32a of the third
control section 29, and the lefi-up key element 34a
of the fourth control section 30 are simultaneously
depressed, the airplane is moved up. If all of these
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key elements continue to be depressed, the air-
plane can be rotated while being moved up.

16 modes of operation are possible by de-
pressing the four integral key elements 14a to 14d
of the first control section 9 singly or in any com-
bination. Also, 16 modes of operation are possible
by depressing the two independent key elements
32a and 32b of the third control section 29 and the
two key elements 34a and 34b of the fourth control
section 30 singly or in any combination. Thus, a
tota! of 256 modes of operation in a thres dimen-
sional space are possible.

This arrangement is effective to move an ob-
ject in a battle or similar games in a three dimen-
sional fashion. For example, the right-up key ele-
ment 32a of the third control section 29 and the
lefi-up key element 34a of the fourth control sec-
tion 30 are depressed by the index fingers of the
both hands so as to move the upper hali of the
object, particularly, hands, while the right-down key
element 32b and the left-down key element 34b
are dopressed by the third fingers of the both
hands so as to move the lower half, of the object,
particularly, legs. This enables the object to not
only kick an opponent by his legs or hands, but
also move in a complicated or three dimensional
manner. It is, of course, to be understood that the
key elements 32a, 32b, 34a and 34b may be
manipulated only by the index finger.

The present invention allows the use of pro-
grams prepared for existing two dimensional
games as well as for three dimensional games.
with the housing supported by the palms of the
both hands, as many as ten fingers can freely be
used to move the object in a three dimensional
space in accordance with a complicated program.

The present invention is not limited to the
foregoing embodiments. It is, of course, to be un-
derstood that the key elements may be modified in
accordance with a given game program.

Claims

1. A controller unit for controlling electronic de-
vices, comprising:

a housing;

a plurality of switches or control sections
mounted to said housing and manipulated by
fingers of a user; and

a pair of handles diverging from said hous-
ing toward the user, sand handles being con-
tacted with and supported by both hands of
the user.

2. A controller unit according to claim 1, wherein
said housing includes first and second control
sections, said first control section being ar-
ranged on the upper surface of said housing
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and connected to one of said pair of handles,
and said second control section being ar-
ranged on the upper surface of said housing
and connected to the other handie.

A controlier unit according to claim 2, wherein
when said housing is placed on a surface, said
plurality of control sections are oriented sub-
stantially parallel to said surface on which said
housing is placed.

A controller unit according to claim 2, wherein
said housing includes third and fourth control
sections, said third and fourth contro! sections
being arranged in a front side of said housing
and located forwardly of said first and second
control sections, respectively.

A controller unit according to claim 2, wherein
said first control section includes a plurality of
key elements in an integral fashion, said plural-
ity of key elements each extending upwardly
from said housing.

A controller unit for controlling an elsctronic

dovice, said electronic device including a

housing on which a control section is mounted,
said control section comprising:

a first recess formed centrally in the bot-
tom of a plurality of integral key eloments;

a fulcrum member located below and
spaced a short distance away from said plural-
ity of integral key elements;

a resilient body adapted to urge said plu-
rality of integral key elements upwards and
including electric contacts;

a second recess formed centrally in the
top of said plurality of integral key elements;
and

a projection mounted to said housing and
corresponding In location to said second re-
cess.

A controller unit according to claim 6, wherein
said second recess and said projection have
semispherical surfaces.

A controller unit according to claim 8, wherein
said first recess has a semispherical surface,
and said fulcrum member has a spherical sur-
face.

A controller unit according to claim 8, wherein
said housing has a substantially cross-shaped
recess which corresponds in location to said
plurality of integral key elements.
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A controller unit according to claim 9, wherein
said plurality of integral key elements are ta-
pered toward the center of said substantially
cross-shaped recess.

A controller unit according to claim 9, wherein
said substantially cross-shaped recess in-
cludes marks adapted to indicate the functions
of the respective integral key elements.

A controller unit according to claim 9, wherein
said substantially cross-shaped recess is cen-
trally processed to identify its center.

A controller unit according to claim 10, wherein
said substantially cross-shaped recess in-
cludes marks adapted to indicate the functions
of the respective integral key elements.

A controller unit according to claim 13, whersin
said substantially cross-shaped recess is cen-
trally processed to identify its center.

A controller unit according to claim 2, wherein
said second control section includes a plurality
of key elements, and said housing has a sub-
stantially cross-shaped recess which corme-
sponds in location to said plurality of key ele-
ments.

A controller unit according to claim 4, wherein
said second control section includes a plurality
of key elements, and said housing has a sub-

stantially cross-shaped recess which corme-

sponds in location to said plurality of key ele-
ments.

A controller unit according to claim 5, wherein
said second control section includes a plurality
of key elements, and said housing has a sub-
stantially cross-shaped recess which corre-
sponds in location to said plurality of key ele-
ments.

A controller unit according to claim 13, wherein
said second control section includes different
marks or colors to indicate its functions.

A controller unit according to claim 4, wherein
said third and fourth control sections extend
from the front side of said housing.

A controller unit according to claim 15, wherein
oach of said third and fourth control sections
includes an upper control key and a lower
control key.

10

15

20

25

30

40

45

50

55

11

20

NAA00004617



EP 0 682 350 A2

NAAOD004618



EP 0 682 350 A2

13

NAA00004619



‘EP 0 682.350 ‘A2

14

NAA00004620



‘EP D 682 350 A2

FIG.5

9(24)

29(30) a(5)

/) ()
32a(340) _32b(34b), \ ,
33A(338) 3

FIG.6

15

NAA00004621



EP 0 682'350 A2

16

NAA00004622



EP 0 682 350°A2

NN

FI1G.8
i4a 12 14¢
22 \ 21
23 3
( / 13
¢ \ ,
L/ j’“l?
R
—— ! II\I\
\ \ T st
] T TR
16 20 198 19A 18 1{9C

A

N7

[ ]
i e
e !

A Nt D)y
() 1 I Y [N
198 19A 15 20 19B 19A 18 19C

17

NAAOD004623



EP 0 682 350 A2

FIG. 10
14a 14c
22 3
% -
N y
T T .

AR

9B 1SA 15 20 1I9B 17 19A 19C

30a 30b 38b L/
38,c

18

NAA00004624



EP 0 682 350 A2

7 ) / ¢ ) )
45 46 41 45 46 44 43

NAAQ0004625



EP 0 682 350 A2

/A

FLPEEFERLETZ

50 47 45 48 50 44A

FIG. 16

32C

asa 51 oC ///
// 45A 5.

/1
- 44B
L i I [_1—\ 3.
% %
A 7 \43A
/
/772Z446//7%%/ : :

46A 52 46A

20

NAAO00004626



EP 0 682 350 A2

FIG. 17

32D

aTA o ,//360

458 31D

44B

!
j

>

438B

SN

T, /?A/ / !
46B 52B 46B

21

NAAD0004627



Page 1 of 1

@ExEREHFIP) OEFHBELFE

e AT AR(A F3-57114 .
&t CL* RS FRAEHE% S~ FR3IFE191)IFA1EE
MO H 13/20 D TBI-5G
5/04 6522-5C

FESR KL FRHOK 1 (26H)

SREHLE MLV

&% W Fl-1ent
@ fH TF1(1989) 7 A26H

B B E X & B X Sslis)isweiiE EAR1058n BrRkEisy
2]

@ B E & B 2 % #RNBNEEEEE EAEPI058E ETHRKsY
A

O B A EXEaRat ﬁﬁ!llﬁlnmﬁfn“?lﬁﬂif!\!ﬂ!#]015%1!11

@ B A B FE A-—

1. BYoal
AL o+

2. PEBAROKE

EMORWTRESTAL »yFBUDERFEE
SRt aren M,

BTahaMinRo &,

EFmrERS N ITHMLL) & BREB
50) OPRERLREBREALABTHEN
BLUHAHBS) &, WRLS2E) OARK
BRIAEEEER (28 LEHTIASAF(R
&,

ERO7 > 282  HOBMBRM (T
HOBVHEHRI) KO2RD. ARA S 45 2H
OPRTRBSE CE-TETHEELRIESLS
4+ 234 52D,

RREAZAFCHONBH @ CE&LTH
A9 AFQNEPRI v+ AFAFQRNOZUM
@2l LTRBZAREND A VERQO L.

MRAVFA34F7QNEZHREBTSUNRBOY
) E.MBR4 L, FBUNEZBETIRERR
RN KL, WBA v+ 234 FENTPES
hWTHREEBLTEFEREQRE) 2ORAS »
SFRUDEMEILIRRARO TLEEEKQCSH
&,

WEZAS4 S EDNOAWB(2Se) ELTHEE
CRATENRA2) &, BRS5 45 QQIFE
LR QS EHLOELTOREEBQIN &.
HRLALAZEGCHONBBQRI) &, WRR4
S FBUH~REG I LD OETHQID LEH
TEART I &,

PORJIEEHRBLYIAWR 42 ¥,

3. avoRARRY

(& =) .

S -H—FECANSWMRSI > FREBH. B
wE -y FNBERNBEEFAFRREBERT
6#!"3!17:4 s PRBEL.

A RERETLAR,ER T SL -2 250D

-—G5

http://www4.ipdl.inpit.go.jp/Tokyjitu/tjcontentdben.ipdl?N0000=21&N0400=image/gif&...

4/12/2007



http://www4.ipdl.inpit.go.jp/ticontentdben.ipdl?N0000=21&N0400=image/gif&N0401=/N... 4/12/2007

BarBRELA~t—FORUIREIRMWL
ZRULTHANT I I EHTREHMRL » F
LAMTES SEGMEL,
AMOBFLEETAA » FHERBALIR
EmN. HTERSEME, BMAXVHEINS
ReBr.  HBUNOPREBLBRBERENR
ARBESUANDE ., UREBOABLARS
RARERE EANTEAS Ay, EBOT o
IR, SO, THOBRBESLHDRD . W
EA347ORBBRE > TETHAECRAS
RBAvFRSAVE. ARAI 4 VY OABMBE
BALTHMRIA Y EMBRA ¥+ 254 70RY
BEcTHEEINEER2 i viERE, MRA Y
+25 4 YL RBTIEREL. R4 > 78
ERTTERERREEL., ARV IRSaY
THEESNTAMEBLTRBERENHER 1
SAPEREECIMRARO S LM ke, W
Bas1 708K LTHRBECENTING
Br. B FYORLAFEWEDELT SR
EBE, MRTLMYLORESLE. WERAL »

FrdboT, WX - F 1. A4 >FM12
cEBBIEZIEL S,
—~“BEAVTVVYRL s FLEFENRE XA > F
Wize, AERREIZ, 2LHECBELLBRY —
bl2e VIR A THCBRLARE Y —
124 X ARSEYSEAKTHMELD S
AReGi2e FMATHREBL., $Fw bR
f ERBOLTRE, 20R4 7 #WI2RF ~F
~ffa R HET STREENONBOE AR K
BBt ER—RCBREATHS,
BEEANOBBOBEN100 EHTSA2A10
K. B*ORMAA » FHBTIRFBIIN
BUFEND, COBGEGHIIR. N4, A5 4 ¥
15. Ea4AERI6. 4322545V, 24
WREIS, SXUAB U I7ISERATRS,
BITAERBLAYZ Y ZI00BULCEALER
TETHY SRS A LG8, EEBLAORKIS
o ERA, HLBEREEBISH KETT D,
REISh KBLTITANERISERALER
ENREOA I XS4 LI, TLHFRKIS

Page 1 0of1

118 T3-57114.({2)
FRAMAITIEHOBTHEEHTEAND Y Y
i, b HREBRTHE,

(ERErOMASF)

ARHE. - —- FECRACINNRAL - F
TR, B d—-9 PR BRYBENBERE
BT IBMRL s FU BT S,

FINA < >+ TR, BHCOMELLBTAE
BEMEALTAA > 3B ERL TR 258
sHtradad, conveRFBICEI 12
DS LPR UK EAEEE, CRoOHEMTH
Theézabto—2 (ANOERE) CONKBER
BRBELTHRAOS -2 »7EBRTVE,

etk —2 o FRER, PODENRELE
NAS »FER2XArTHBYI-ErEERT
w3,

(XD BN
BIRURROFINAA - FONREZRTHR
[ RN

ERE2NGE, TLNEEIBR. I A4 F2UR
RAROBRERL . FHL ¥ —L&ia, F - &
BOERGRSP & F—LOBELOALETTS
PERXREIS, FEREIS HOPORMATHERE
ZE1H SRACOABRC V-2 P RO LMER
ML, C Y+ 254 F1I7ERETIVRELI8c
RS, TLTRARRFI-H-FO—-SHOH
BOLLBRELFRO+-RAUT-KCRBL
ROOEAL »FBIREMBLTOLRE, E¥AY
JYZISEBENARURBER B, ~n9¥ V7
19E N2 AI0QIEBNI0e RESLABRCHLR
THB, TOEHCUBLAFRA4 »F 1R,
BUIMEPTTLILE., A9 YU I00RANCH -
TAI4FISHRRTLTAAnELIEE. T4 8
EERISHAIUEBL ., Biho— 126 THEL A
RE®=EISh CREINA X4 v FHI2E. TY
A2 PEATESIta CEMLURSAKRIRYT S,
RWT. SPTHERETIEA4AENIL
TLRERIBER, TROGBRETTENRANT
ACEBRIRE/L., BPAMNHFNESRS EAC,

-—g6 -



-
)

- 1124 CHRNTHMIZAI KEXH
El2s hoHIND,

tOLMERABHRIA vERE T LK
EEHRHCBO IR T HALHABCERT 9T
A4 aFR, 2A0EAREIHBETFTAta=2 &
k& (2ta. boTLRREkOEXDELORER
BekTs. BTALa—-20 8¢ 2RFAY~-
B3 e+ 2772 v YHEL, ThEN
BEBC7 4~ FRNo 2 3n3RBBHRT—7
> FEERRT I ENTRTH I,

(RHERRLELIETIRE)
LiskoBirg rFoMBREHGEARIL
TE—k= VEBRTIBE., TLRWEHRIHULR
Dr—LBHFRAGEN T~ TEBRESELHOE
Ao, gLBrorvovrganeBifes
KRB, TR, CORBDE—NH—FO&-E
MU T. AarediEEboRBHENRN
FILEMBY. SRBIBLEOCHOGWRR
ma#ayewéﬂﬂﬁm&qm.§&4vrx

MTEnBITME.

ERNIrEESNITEME. FERIOPAR
CRACREERSASHESBLCABBL. K
HEBOABEER2ARBLERRLEHNTHA
AR -

Lo, 085, hRoME, THOZWAOY
&b, g2 94 YORBBR X TLTH
NECRBEREI VYT RFATE,

HMBR234FORMBROELTHERS54 5L
P4 rrAEA4 yoSu@EeTRBENALE
Wa4nmigne.

MEAY+AS54YERATIERBE. R
A4 s FRLERETIDERREAL. W4 Y
FRIAFENTEATNRERBLIHRERE
KRR FHEHF L IRRBKOTLH
23 XN

HMERS 4 yOABBELTRHEREATYS
B eE. BASAFORLERNERLDELY
SRS E. PRI LBANBORERE,. BRA
A2 FB~REHILDORERBLERTENY

Pageil.of 1

B F3-57114(3)
5453 TLREKRCERIAIOFTING Y
yXERIAFERBEATHENRD, FRIA
A FORACBLTEAA »FHOLEEC—H
O LHEEERBLAMLEROELURRD
LERBDI AITVY AVIRFAY, 24
Ak, 254, EMRERLTEAILT IS
FEasot, cOLIRRNAS » FORFER
¢-£-r@m£¢-@&zaren~z4v%
"B%QﬂWﬁtﬂIEtﬂmfazaﬂTaf‘
BEgoNTEaBLT I LnBRETE X,
ERARLEUBLCBANBELLLOT.
A R ET LNEREHTES -9 SO
RARENES - K- FORITR/LRFHLT
Eibfﬁﬂ&c&ﬂﬂﬁkﬁhx4w§%&m
YL LEEHMET S,

(RBEMETILDOEEH)

tRMNBARZ,
PHOFFRE - TAA» +BEOPS4IE
.

Dy,
oI LERBRETEARAOWIAS » F
wroRRrENS.

(% ®)

BASXMERTLTEET. REBHRLETD
LedTESOCEBBURNBRELD, 08
s -RNORRZIEREOE - K—F R
BLIHAT I LH&BIDT, &+ —H—FE
BIEK, f-EMCHBLARY » FBRIE
BHTAEE D, Ao Ty FERBRYE A=t K
PEBREGIOT, REAAMBFBERY, L
ARRESRA s FoBRRRESCAMEAND
PPHBNARLAXRDOLOERBT ARER
ZANEBEIXIHRCESPRABCEL,

(REH)

RFHEER SO ERPORBAECBRAT S,
SIERERFAO~RUHLLERNAL > F @
ETR. S2BLEMBZ4 »FORABOSRN

—-87—

http://www4.ipdl.inpit.go.jp/tjcontentdben.ipd1?N0000=21&N0400=image/gif&N0401=/N... 4/12/2007



PHB2E 3, 35LFL(BULTE-RIER—
HaBEAY.
BiBlaeksnz, FWMRAA 2 F 2R, R4 2 %
W1REZEHEMIE,rLRE, 24 v FH2E. B
ALy LY AA > FERE—T.
A-H—-F-gi0fNAs s FREFBTER
ERINOHMDESHRE BBVt EL—I5
LERRERTHBH( BRXRUR4 v+ -5
EFT) . BEEREAI2 2 rHCBERL AR
—Flze ¢ MBIESIZ STERBRLARE ~
-}12d L%, BESALABLMRCHPALELY
BAR=%12 FRATHBL, $H—FrIN
nthu%ﬂbtc&.%t1§x4y¢ﬁ¥z
HETILB R, BF@22ENBYIXVONR
LT At1%g AR — P 12e.12¢ . AR—FI12
e . YR=tARA(2 TRBLIBY LT
S,

F1, eBeFTLA IS, BAHMWMT. HHmz
. BMRMMBREINIXI4TBE, R54 ¥
o LB HEBETERENEA TS 4

A4/ BRBENRD, SORS EBI
CRIETEBER T4 ¥ ORMDSL LAREABL
c tCROANROPMINSEh, EXTRY
4vFras4 PO ynElc oREQU s
LTEhPhERROINIOB. RF470R
THEdLRC (v 254 FORBI AL
CRBEA. BOLTTRELBYEALI 2o A
NISEHBLREZV/THELBREND,

TLoEMEKNE. BF-LREBREKLZ2A
p P=EAT2HBALTHO. EHCS Y5 A
54VOBGEMIe OTHLE ST IMARD
HiR8280 ¥. THEGAA s FHERET SPE
28 EPL. "BV Z7OTBEHSAER
330753,

ANBYGYYBR. AF5A7OHMEB & LT
GHESH I P TEWTG0 M EFoHRKS
miht, 2OBRRCIEALGHFENALRFA
YORERTESS CHEk BRI SR &
HL, MEBOTHLZLMWEATERLIAR
BEHRBFOR2d 2ERET IALBORMG2Y

‘Page 1.0f 1

1% F3-57114.(4)

FE, A4 FEL U E RS AF2TETHREE
ENZEWIA N ERWE, 173+ AXA54 580
OFRCHRBLTAL YF RSPV MESRA
9 FPRTHHREELSF—LBO0LLHEE
WL, R4 F2BERDBECRBLTLYUA
HERMBLTRA » PHBRRMTORENY S
v oD,

AF4 LGN, I FNMNERAZEZLD
TSR EMEMNBREASABWEHNS &,
ERESOPRD>SALRETIARTFTIRY
RW25b &HITEB25c L2 RL. FAZOORNE
THUORSHERIALFLRK2d HETLT
"o,

{vPASAY2IBR. EHRRKIBD7 4 2 27
2 &. POy CTHOREZNTIMNK
OB EHIe 2Hhouh, &2 ZAES
250 CHBLEZIERLLT? » 2 H20AH
|ash DEMIFEL. AFL ST ETUES
EHINE, E@242rERNBREBEI TR
AFINRBLIYY, EFERIULRBTH

¢ M. EEEAAVWRLKOTMe WX (7B
OBMITIILERALAB IR LOSTHES L
SHTH29 PR ONTWSD,

SOXIMRULIEIMRA » F 23T, N2
ERTTRILE,. n9 Yy v 7290RKB20 KR -
TA54FUHKBTLTIAARANE, TLH
BRI NEEBL. BBy~ F120 SHRLR
FERE RREsRA A > FE8122. TH
BRIy NETRAIZ CRMLBENFBRT S,

ReT, BRTAHAERLT I L2441 EREL
TLRREHBER., TROBUNTTHIHERNT
ROBHEZWAL, WMMLET ET SRS ERE,
Bigo—112d OURDHTAEHELI2 KXEARH
12 > oMiNI,

ZLUTSOMMAA » 7088, RRHLE
BE., EHESARIA4A VIR LY L TG ENH
AeBIRALATVIOT. 3AAMERTIBX
Aba—=2bE MOTLARGREIALT 2 7
I e vEEETIRENAG ~F » FAHEMT
3 &,

68—

http://www4.ipdl.inpit.go.jp/tjcontentdben.ipd1?N0000=21&N0400=image/gif&N0401=/N... 4/12/2007



IRMEOEMSY., PO F-B8TE
AR EALTENBREVFILUTEIIERAELT
ERGHAD S rrCBRENOMBREKMNE
Hah, RERUOTLABHGEP I LWL £ -
K- FERBETIHROFMA (M » FRHBARHR
MENIGREFLBVLD, d=FK-FOF~
ERScREMEcRICAUBSIRTEEEE
FhHELTTPOAHNELESTHBFF I L
e o, TLTA—A—-FEHARTIRMRE.
A4y FBOHLERGAOF~RATHHE L., LR
BHRSEAA vy FHCHBERT S 2L &L-T
== FEAERTECLNTE, SHRPBER
DE-H=FRERTIHCONERBOI AL
pge. YBIEoBHeRATHS,

(RAOHRK)
BLERLADCASHEE LAY, BHNONT
REE24 ,FBCBEAZIBESC 2t G
TLURMELEFTEOT. #—F » 2HRET
BERNEATEY, »IRILARAFELGE

Page 1 of'1

M F3-57114(8)
MBI FHEBLTECILIIL), Baloe
K- FENBRMAT S EMTRELY . B
GoOAPERMT B LNTSE,

{. DEoRELHEN

EI1Hd. FRPO-BHEMCLIHMAL »
> O KWA.

B2Re. BRSO FIRMBAE.

BB, REoWMRAF > FORBMERTH

HE#.
T5 5.

BiBLT.
122 £ » F88. 28R .
24 {3 . 2349,
258 ~ BB 258 A8,
25¢ AW 250 L RK .
25,,,Eﬂ;4,‘,;ﬂg\ 2leqd v+ RFAL,
212 =7 v 7 & 2To 8B,
27c ~BYDBE. BT LBEE
282 - BHREB. 28 --WERE,

9 ne P vy, 2a-25 #% 25 .
2t RA B, 29c R H .
281 ~~EE &
THb
Groit
REA #B: #i#i ga-{>359)
@R
FHoAN -RBM=SI PR 24+ NEDB
¥ 1o

http://www4.ipdl.inpit.go.jp/tjcontentdben.ipd1?N0000=21&N0400=image/gif&N0401=/N... 4/12/2007



Rageilofil

R ¥3~57114(8)

i }
1z2a 12y ¢ 24 2¢

B RO 24 S0 XK E5FtDE
¢ 5 B

R onREUES
72

- 70—

http://www4.ipdl.inpit.go.jp/tjcontentdben.ipd ?N0000=2 1 &N0400=image/gif&N0401=/N... 4/12/2007




‘Searching PAJ iPage1«0f2

PATENT ABSTRACTS OF JAPAN

(11)Publication number : 03-057114
(43)Date of publication of application : 12.03.1991

(51)Int.Cl. HO1H 13720
HO1H 5/04

(21)Application number : 01-193717 (71)Applicant : FUJITSU LTD
(22)Date of filing : 26.07.1989 (72)Inventor : OTANI YASUO
ENDO TAKAO

(54) PUSHBUTTON SWITCH
(67)Abstract:
PURPOSE: To obtain various kinds of keyboards having
satisfactory key touch and excellent operability by
providing a coil spring and a rubber elastic body on an
operating part for transmitting the depressing operation :
of a pushbutton to a switch part. o, »"-_5{ 19
CONSTITUTION: An operating part 23 is formed of a Y=
pushbutton 24, a slider 25 on which the pushbutton 24 is =
fitted, an inner slider 27 held by the center part of the
slider in such a manner as to be capable of sliding, a
compression coil spring 26 supported between the slider
25 and the inner slider 27, a doom- shaped rubber
elastic body 28 situated on the lower side of the inner
slider 27 and pushed by the inner slider 27 to transmit
the pushing operation to a switch part, and a housing 29
mounted to the switch part with holding the slider 25 in such a manner as to be capable of
sliding and receiving the rubber elastic body 28 therein. As the coil spring and the rubber
elastic body are thus integrated in series into the operating part, a satisfactory key touch
having a larger stroke by the coil spring and a snap action by the rubber elastic body can be
achieved.
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(54) IDLE UP UNIT FOR POWER STEERING

(57)Abstract:

PURPOSE: To simplify the construction of operation
detector mechanism deforming the shape of actuating oil
supply hose transversely or in expanded diameter
directions, by means of operating oil pressure during
power steering operation and by allowing the transverse
deformation to make switching action.

CONSTITUTION: A steering wheel 1 is communicated to
a steering cage 6 through a shaft 2, gear box 3, and a
gear arm 5. A power steering unit, consisting of a power
piston and a power cylinder not illustrated in the figure, is
built in the box 3. The oil from an oil pump 8 is supplied
to the unit through an actuating oil supply hose 7 made
of elastic member. An operation detector mechanism 11
is placed in the hose 7 in a band like configuration, while
the dector mechism 11 is provided with an engagement piece 13 which is connected to a
cable 14, and cable 14 is driven by expansion and contraction of the hose 7. During
operation, the cable 14 is drawn and a throttle valve not illustrated in the figure is opened.
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(71) Applicant Casio Computer Co., Ltd.
2-6-1, Nishishinjuku, Shinjuku-ku
Tokyo . .

Specification

I Title of the Invention

Smali-Size Electronic Device

II. Claims

A small-size electronic device which has an LSI with electrode terminals, a display device
with electrode terminals, multiple key operating parts, batteries for the power source and printed
wiring boards made by providing:

a first printed wiring board consisting of a flexible insulating member where conducting leads are
fitted, electrically connected to electrode terminals of LSI and a display device,

a second printed wiring board consisting of a connecting means for electrically connecting the
electrode terminals of the LSI and the display device to the conducting leads of the first printed wiring
board, and

a flexible insulating member fitted with conducting leads which form key input contacts
corresponding to each of the multiple key operating parts, and electrically combined with the first
printed wiring board to form a key input circuit,

a conductive elastic member arranged apart from the key input contacts of first printed wiring board,
an insulating layer separated from the key input contacts of the second printed wiring board and the
conductive member between the second printed wiring board and the conductive member ina
touchable way, and

a case member which holds the first printed wiring board and the LSI and display device connected to
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the first printed wiring board and which holds the key input contacts of the second printed wiring

board and the conductive member in a touchable and separable way by a pressing operation.

IIL. Detailed description of the invention

The present invention relates to a small-size electronic device, €.g., small-size electronic type
computer and small-size electronic game, etc.

[Prior art]

In a small-size electronic device having key operating parts, intemally arranged various
electronic components such as LSI and display device, etc. are fitted to connecting terminals that are
pre-printed and wired on an expensive rigid board provided with key input contacts.

[Problems of prior art] “

However, the rigid board had no flexibility and electronic components were different in shape,
thickness, etc., respectively, and a case forming the external appearance of an electronic equipment
was made into the shape of a box covering the periphery of the largest and thickest components,
creating a thick case having a large space. As described, this has a problem that the shape and
structure of the case and support member are complicated because of the large space inside the case,
with problems relating to cost reduction and improvement of production efficiency.

[Purpose of the invention]

The present invention was made in view of the above actual circumstance, and has as its
objective to provide a small-size electronic device which effectively accomplishing thinning, has a
simple structure and is also effective in terms of cost reduction and improved production efficiency.

[Summary of the invention]

In summarizing the small-size electronic device of present invention (without restriction), the
device comprises an electronic device fitted with an LSL a display device, key operating parts, power
source batteries and printed wiring boards; an LSL and display device, etc. are connected to a first
flexible printed wiring board, and a second printed wiring board formed with key input contacts is
combined with said first flexible printed wiring board, a flexible conductive member is opposite to
the second printed wiring board via an insulating layer, the flexible member and various electronic
components are held by case members, and the key input contacts of the second printed wiring board

3
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and the conductive member are made touchable/separable by pressing operation. Thinning and a
simple structure is accomplished by using a printed wiring board connected to various electronic
components and key input switch constituents as flexible members to enable them to be in line with
the case member.

[Embodiment]

An embodiment of the small-size electronic device of present invention is described hereafter
with reference to the drawings.

The embodiment shows a small-size electronic calculator as a small-size electronic device
wherein Fig. 1 is an exploded oblique view, Fig. 2 is a plane view showing a printed wiring board in
which printed wires are applied to a flexible synthetic resin film arranged inside a case, Fig. 3 is a
plane view showing the details of a movable contact applied to the printed wires, Figs. 4(a) ~ (c) are
process drawings for forming a movable contact projection in the synthetic resin film, Fig. Sis a
cross-sectional view showing the state of fitting various electronic components on the printed wiring
board, and Figs. 6(a) and (b) are state diagrams showing the operation at the time of pressing the
movable contact projection.

In Fig. 1, a reference symbol 1 represents a printed wiring board arranged in a case. The
printed wiring board is formed by a flexible insulating synthetic resin film, e.g., polyester, vinyl
chloride or polyimide, etc., as shown in Fig. 2, two-split movable contact electrodes 3, key input lead
wires 4 connected to the movable contact electrodes 3, terminals 5 for multi-layer wiring of the
key-input lead wires 4, terminal groups 8 provided around a portion where an LSI (a large-scale
integrated circuit) performing various computations with a signal from the above movable contact
electrodes 3 and incorporated with a computing circuit for outputting the results is mounted
(illustrated by a broken line) and connected to the above key-input lead wires 4, power source lead
wires 6 and display lead wires 7, power switch connecting terminals 9 connected to one lead wire 6a
of the above power source lead wire 6, power connecting terminals 10 connected to the other lead
wire 6b of the above power source lead wire 6 and the above power switch connecting terminals 9,
terminal groups 11 connected to the above display lead wires 7 and provided around a portion where
a display device of liquid crystal, etc. is mounted (illustrated by a one-chain line) are printed and

wired with a metallic foil of copper or aluminum, etc. on one side of the printed circuit board 1.

4

NAA00012880



In the above two-split movable contact electrode 3, as shown inFig. 3, a roughly semi-arclike

electrode 3a of a larger diameter and an electrode 3¢ of a smaller diameter comprising a circle

concentric with the electrode 3a extend from one lead wire 4a of key input lead wires 4 while holding
electric insulation from the other lead wire 4b, and a roughly semi-arclike electrode 3b concentric
with the above electrodes 3a, 3¢ extend between the above electrodes 3a, 3¢ from the other lead wire
4b while holding electric insulation from one lead wire 4a and the electrodes 3a, 3c. Electrodes 3a,
3¢ and point symmetry electrodes 3d, 3f extend to the virtual center point O of each semi-arclike
electrode while holding electric insulation from one lead wire 4a and extending from the other lead
wire 4b, the above electrodes 3a, 3¢ and a point symmetry electrode 3e extend from wire 4a to the
virtual center point 0 while holding electric insulation from the above electrodes 3d, 3f and the other
lead wire 4b.

The movable contact electrodes 3 and at least a portion excluding the terminals §, 8, 9,10, 11
are appropriately insulated and as shown by Sa, Sbin Fig. 1, the terminals 5 for multilayer wiring
arranged laterally in close vicinity to each other are properly electrically connected, a prescribed
circuit pattern being further formed by the appropriate insulation of the connections.

Multiple movable contact projections 15 protruding upward are formed on the flexible
printed wiring board 1, and a process for protrusion forming the movable contact projections 15 is
described with reference to Figs. 4(a), (b) and (c).

As shown in Fig. 4(a), a flexible printed wiring board 1 is mounted on a metal die 12 having
a dome-like recess 13 for molding the projected shape of printed wiring board 1 in a prescribed
location so that the synthetic resin film 2 side is opposite to the above metal die 12 and a movable
contact electrode 3 is received in the above recess 13 (the above virtual center point 0 preferably
conforms with the center of the plane of the dome-like recess 13), a metal die 14 that has a projection
of the same type as the above dome-like recess 13 in a male-female relationship to the dome-like
recess 13 is pressed from the printed wiring surface side into the dome-like recess 13 while being
heated, and a portion provided with the movable contact electrode 3 of flexible printed wiring board
1is formed as shown in Fig. 4(b). After the molding of printed wiring board 1 is finished by the

above process, the state of removing the metal dies 12 and 14 is shown in Fig. 4(c).
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Although the formation of a movable contact projection 15 is shown in Figs. 4(a) ~ (c),
multiple movable contact projections 15 are formed simultaneously by the process.

The flexible printed wiring board 1 is thus constructed, a display device 17 1s attached to one
side of the printed wiring board 1, and various electronic components, such as LSI 16 and power
source switch 18, etc., are attached to the other side. The electrode terminals of respective electronic
components (non-illustrated) are mounted to prescribed positions of printed wiring board 1 and
fastened by soldering.

In other words, the LSI 16 where all circuits necessary for computations are constructed by
one chip is attached to a portion enclosed by a dotted line in Fig, 2 by matching of positions of the LSI
input/output terminals and electrically combioned with the above terminal groups 8. The terminal
groups 8 (connected to the display lead wires) are exposed on a face where the terminal groups 8 are
not printed by properly notching the periphery of multilayer wiring or the above terminal groups 8
based on a suitable means, e.g., through-hole treatment and folding respective terminal groups 8 so
that they are opposite to the synthetic resin film, bringing the terminals of display device 17, e.g.,
liquid crystal, etc. into electrical contact. Moreover, a hole through which a power source switch, e.g,
a slide switch, etc., may be inserted, is provided in the vicinity of terminals 9 for connection of the
above power source switch, a switch 18 is inserted into the hole, and the power source is input or
shielded by allowing a contact 19 provided in the switch 18 to connect or disconnect from the
terminals 9 for connection of the above power source switch. 20 in Fig. 5 is an insulating layer
provided by the above-mentioned insulation treatment. Numbers such as 1, 2, 3, etc. or operational
signs such as +, —, x, +, etc. may be directly printed on the above movable contact projections 18
formed by the above protrusion molding.

In Fig. 1, 21 is an upper case, such through-holes 22 for exposing the movable contact
projections 15 of printed wiring board 1 out of the upper case 21, such a through-hole 24 for exposing
an operating knob 23 of the switch 18 out of the case and a display window 25 corresponding to a
display device 17 are provided at prescribed locations, respectively. A fixed contact plate 26 made of,
e.g., a conductive rubber, is fitted at a position corresponding to the movable contact electrodes 3 in
the movable contact projections 15 via an insulating layer 20. 28 is a lower case having a relatively

shallow bottom 29 and a relatively deep bottom 30, the relatively shallow bottom 29 is used to

6

NAAD0012882




reliably expose the movable contact projections 15 to the outside of the upper case 21, and the
relatively deep bottom 30 is made so that button-type batteries 27 or LSI 16 may be housed. The
button-type batteries 27 housed in the lower case 27 (sic; 287) are connected to the power source

connection terminals 10 of printed wiring board 1 by proper wiring and supply power.

Namely, the upper case 21 and the lower case 29 (sic; 287) are combined by housing the
printed wiring board 1 consisting of a flexible synthetic resin film fitted with electronic components
such as LSI 16, display device 17, etc., the fixed contact plate 26 consisting of a conductive elastic
member and the power source batteries 27 connected to the power source terminals 10 of printed
wiring board 1, the display device 25, the operating knob 23 of power source switch 18 and the
movable contacts 15 are exposed out of the through-holes 25, 24 of the upper case 21 in the combined
state, respectively, and the internal electronic components are fixed.

In the small-size electronic device thus constructed, actions of pressing the movable contact
projections 15 to operate the keys are described with reference to Figs. 6(a) and (b).

The protrusion molded movable contact projections 15 are exposed from the through-holes 22 of
upper case 21 by their own shape in the common state, as shown in Fig. 6(a), and the movable contact
electrodes 3 are in a state separated from the movable contact projections 15.

If the movable contact projection 15 is operated by pressing, the movable contact projection
15 is pressed down against its own elastic force and comes into the through-holes 22 of upper case 21,
as shown in Fig. 6(b), the movable contact electrode 3 and the fixed contact plate 26 are brought into
electrical contact, electrodes 3a, 3b, 3e and 3b, 3d, 3f of the movable contact electrode 3 become
short-circuited, and a signal is given/received between the lead terminals 4a and 4b to perform a
desirable input. At this time, bouncing of the movable contact is absorbed by the elasticity of the fixed
contact plate 26 and chatter is reliably prevented.

If the pressing force against the movable contact projection 15 is removed, the movable
contact projection 15 returns to its original position due to its own elastic force with the movable
contact electrode 3 being apart from the fixed contact plate 26 as shown in Fig. 6(a).

Although the movable contact electrodes and terminals connecting various electrénic

components were provided on a synthetic resin film in the above embodiment, they may also be
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provided on separate synthetic resin films, the synthetic resin films may also be properly electrically
connected with each other, and the terminals connecting the movable contacts, fixed contacts and
 various electronic components may also be provided on the same synthetic resin film.

Although conductive rubber was described by using it on the fixed contact plate in the above
embodiment, it is not limited thereto, and a suitable thin elastic conductor may also be used.

Although an example was described where the movable contacts were protruded and the
movable contact electrodes were directly pressed, the present invention is not limited thereto, and
they may also be pressed by separately provided key buttons.

In addition, although the example of applying the present invention to an electronic calculator
was described in the above embodiment, the present invention is not limited thereto, for example, it
may also be applied to a variety of electronic equipment performing various inputs with switches, for
example, an electronic watch or push phone, etc.In short, various modified applications are possible
in a range in which the substance of present invention does not deviate.

[Efficacy of the invention]

As is evident from the above description, the small-size electronic device enables properly
flexing the printed wiring board according to the thickness and mounting position of electronic
components, making the electronic equipment thinner with a marked effect in terms of cost reduction
and improved production efficiency as an electronic equipment with a case having a simple internal

structure because various electronic components are connected to a flexible printed wiring board.

IV. Brief description of the drawings

All the drawings relate to the small-size electronic device of present invention. Fig. 1 is an
exploded oblique view of the small-size electronic device; Fig. 2 is a plane view showing a printed
wiring board where printed wiring is applied to a flexible synthetic film arranged inside cases; Fig. 3
is a plane view showing details of 2 movable contact applied to the printed wiring board, Figs. 4(a)
~ (c) are process drawings for molding a movable contact projection on a synthetic resin film; Fig. 5
is a cross-sectional view showing a state of mounting various electronic components to the printed
wiring board; Figs. 6(a) and 6(b) are state diagrams showing actions at the time of pressing the

movable contact projections of synthetic resin film.
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16
17
20
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25
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30

printed wiring board -
synthetic resin film
movable contact

movable contact projection
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display device

insulating layer
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through-holes

display window

fixed contact (conductive elastic member)

lower case
Fig. 1
Fig. 2
Fig. 3
Fig. 4(a)
Fig. 4(b)
Fig. 4(c)

Fig. S
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Fig. 6(a)

Fig. 6(b)
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Specification

L Title of the Invention
Video Game Controller

II. Claims

1. A video game controller, which is provided with

ajoystick handle that has a longitudinal shaft and includes a lower end where first and second
concentric bearing surfaces spaced along the longitudinal shaft have been limited,

a housing that has a third and a fourth concentric bearing surfaces having such dimensions for
receiving and holding the lower end of the joystick handle and located so as to engage with the first
and second concentric bearing surfaces to hold them, respectively and catches the first and second
concentric bearing surfaces between the third and fourth bearing surfaces, allowing the joystick
handle to freely pivot around the center of the first and second concentric bearing surfaces;

a spring means that biases the joystick handle to the central position; and

a switching means that detects the pivot position of the joystick handle.

2. The video game controller according to Claim 1, wherein
the first and fourth concentric bearing surfaces are convex, the second and third bearing surfaces are
concave, the curvature radii of the first and third concentric bearing surfaces are equal, the curvature
radii of second and fourth concentric bearing surfaces are equal, and wherein the curvature radius of
second bearing surface is smaller than the radius of first bearing surface.

3. The video game controller according to Claim 2, wherein
the fourth bearing surface is limited by the top of a strut attached to the housing; and the spring means
consists of a coil spring arranged by winding the strut and it extending between the housing and the

lower end of joystick handle.
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4. The video game controller according to Claim 1 or 2, wherein

a detecting means includes four upward projections attached to the end of joystick handle

 located inside the housing;, and

four digital switches fitted onto the four projections in the housing, respectively and operated
by respective projections when the joystick handle is located within respective position ranges.

5. The video game controller according to Claim 4, wherein

when the joystick handle is in the center position, a gap between one proj ection selected from
the four projections and a correlated switch becomes smaller than a gap between any other projection
and each switch, thus the motion of joystick handle may be less than in a case of operating each
switch by any other projection to operate the correlated switch by the selected projection.

6. The video game controller according to Claim 1, wherein . )

another thumb-operating type switch is —ﬁt i‘nside the handle close to the upper end of the
joystick handie.

7. A video game controller, which is provided with

a joystick handle having an upper end and a lower end,

a housing;

a means for pivotally fitting the lower end of handle to the housing so that the handle is
movable to the housing forward, backward, rightward and leftward,

four switch actuators attached to the lower end of handle;

four switches attached to the housing so that the center is matched with each switch actuator,
respectively, the first switch operates when the handle is moved backward, another switch operates
while the handle is moved forward, rightward and leftward, respectively; and

a means for biasing the handle to the center position so that all switches do not move;

when the handle is in the center position, a gap between the first projection and a correlated
activator becomes smaller than a gap between any other switch and each actuator, thus an angular
motion of handle from the center position for operating the first switch may be less than in a case of
operating any other switch.

8. The video game controller according to Claim 7, wherein the handle includes a plate

attached to its lower end and the four switch actuators are attached to the plate.

4
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9. The video game controller according to Claim 7, wherein each actuator consists of a
rounded projection, respectively, and the height of projection aligned with the first switch is larger
than any other projection. . .

10. The video game controller according to Claim 7, wherein

the housing comprises an upper housing component and a lower housing component, wherein
the upper housing component is located between the lower housing component and the upper end of
handle, the four switches are attached to a circuit board, the circuit board is attached to the upper
housing component, locating the switch actuator between the lower housing component and the
circuit board.

11. The video game controller according to Claim 7, wherein

a thumb-operating switch is attached to the upper end of handle.

12. The video game controller according to Claim 11, wherein

a thumb-operating trigger switch includes

an electric switch attached to the upper end of handle; and

an operating member pivotally attached to the upper end of handle and operating the electric
" switch, wherein

the operating member has a spring element which is integral with the operating member, the
spring member coming into contact with the handle and biasing the operating member so that it is

remote from the electric switch.

13. A video game controller, which is provided with

a lower housing that includes a cylindrical central strut with a convex first spherical bearing
surface at the upper end;

an upper housing that includes a center opening located on the first spherical bearing surface
and a concave second spherical bearing surface around the center opening and is attached to the lower
housing;

a circuit board attached to the upper housing;

four switches attached to the circuit board and extend between the circuit board and the lower

housing downward from the circuit board so as to symmetrically locate around the center opening;

5
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a joystick handle that has a lower end including a concave third spherical bearing surface in

touch with the first bearing surface and a convex fourth spherical bearing surface in touch with the
- second bearing surface (the four surfaces are concentric, gnd the curvature radii of the first and
second bearing surfaces are larger than the curvature radii of the second and fourth bearing surfaces)
and an upper end;
a coil spring that is arranged by winding a cylindrical strut and extends between the lower
housing and the lower side of joystick handle and biases the handle to the center position;
four switch activators that are arranged under four switches, resbectively to move the joystick
handle within a correlated position range and operate the respective switches;
when the joystick handle is in the center position, one of the four switch actuators and the
correlated switch also come nearer than other switch actuators and respective switches, the angular
motion of joystick handle from the center position is less than when operating residual switches, and
one of the above four switch actuators is correlated to the backward motion of joystick handle.
14. The video game controller according to Claim 13, wherein
a thumb-operating trigger switch attached to the upper end of joystick handle and
one or more wires that go down a hole provided in the joystick handle and extend into aregion
between the circuit board and the lower housing through an opening formed between the third and
fourth bearing surfaces are also provided.
III. Detailed description of the invention » S
The present invention relates to a modified joystick type handle Lised for video games.
Joystick controllers have been used for many video games. These controllers may be used by
an operator so as to supply a digital input signal for a video game display or a preferable, i.e., planned
travel direction. An ordinary joystick controller includes four digital switches and a center handle.
The operator determines an angular position to operate any one or any adjacent two switch pairs of
the four switches.

Ifitis considered that many operations of video games are quick, smooth motions and actions
of a video gaxﬁe controller are extremely important to many users. There is a demand for 2 modified

video game controller having a smooth joystick operation for precise operations.

6
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The present invention relates to a joystick type video game controller that is improved by
applying many modifications so as to accomplish smooth operation, facilitate manufacture, with
. good durability, facilitating use.

According to the first feature of the present invention, two embracing type spherical bearings
have been used to surely catch the joystick handle in the housing. The two spherical bearings are
concentric and provide smooth pivotal movements to the handle even if an axial force is applied to
the handle. The angular position of handle is not disturbed even if an axial force is applied to the
handle during a game.

According to the second feature of the present invention, a plate is providedin a portion in the
housing for the joystick handle, four upward projections are provided for the plate to operate
respective switches attached to the housing. One of the four projections is longer than the other three
projections and may move the handle from the center position to a position of operating a switch,
combined with a long projection at a smaller angle than when operating the other switches. Many
operators find that pulling the joystick handle backward is more difficult than bringing it down in any
of other three directions. This feature of the present invention markedly facilitates moving the
joystick controller backward to operate the correlated switch.

According to the third feature of the present invention, a thumb-operating trigger is located at
the center of upper end of the joystick handle. If the trigger switch is thus arranged, the joystick
controller may be easily used likewise for right and left-handed players. ‘

A specific embodiment of the present mvenhon is described with reference to the attached
drawings below, and the present invention and its purpose and strong pomts are clarified from the
description.

Fig. 1 shows a cross-section of a preferable embodiment of the present invention. This
embodiment comprises the five major structural components of a lower housing 20, an upper housing
40, a circuit board 60, a handle 80, and a grip 120. In the following description, these components are
described separately with reference to Fig. 2 to Fig. 8. How the components to work together in the
preferable embodiment is described by returning to Fig. 1.

The lower housing 20 shown in Fig. 2 and Fig. 3 is a roughly rectangular shell and has an
outside wall and multiple protruded internal components. A cylindrical central strut 22 1s located at

7
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the center, and extends from the bottom of lower housing 20 upward. Its upper end becomes a lower
spherical bearing surface 24. In the preferred embodiment, the curvature radius of bearing surface 24
- i86.35 mm (0.25 in.). The lower housing 20 also includes four spaced legs 26, each of which is
provided with an upper clamping surface 28. As described later, each leg has a center hole 30 sized to
receive a fastener 130 as shown in Fig. 1. The lower hoﬁsing 20 includes four spaced locking
members 32, each of which is located between the central strut 22 and one of the respective legs 26.

Fig. 4 and Fig. 5 are a bottom view and a sectional view of the upper housing 40, respectively.
As illustrated, the upper housing 40 includes a center opening 42 and multiple ribs extending from the
periphery of upper housing 40 to the center opening 42. All these ribs 44 have bottoms 45 in the same
plane. The upper housing 40 includes four spaced sockets 46, each of which is aligned with each leg
26 of the lower housing 20. An upper spherical bearing surface 48 is provided on the inner side where
the center opening 42 is placed. If the upper housing 40 and the lower housing 20 are combined, the
upper spherical bearing surface 48 becomes concentric with the lower spherical bearing surface 24.
In the preferred embodiment, the curvature radius of upper spherical bearing surface 48 is 15.875 mm
(0.625 in.). As shown in Fig. 1, an opening 50 is provided on one side of the upper housing 40.

Fig. 6 is a bottom view of circuit board 60. As shown in Fig. 6, the circuit board semetrically
fits four dome switches 62. The circuit board 60 also holds plural printed circuits 64, 66. The printed
circuit 64 is an outer conductor which serves as a common electrode of the four dome switches 62.
The four printed circuits 66 are inner conductors of respective dome swnches 62. The circuit board 60
has four spaced holes 68, and each hole being respectively aligned with each socket 46.

In the preferable embodlment, the dome switches are those marketed as part no. FS- 1-77-20
by the K.B. Denver Company, Frederick, Colorado, USA. The dome switches have the periphery in
electrical contact with the outer conductor 64. When the dome switches are in the at-rest position,
electric contact does not occur between the outer conductor 64 and the inner conductor 66. However,
if the dome switches 62 are bent to the inner side (facing the circuit board 60), electric contact is
formed between the outer conductor 64 and the inner conductor 66. Such dome switches are

well-known, and a detailed description is omitted.
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Fig. 1 and Fig. 7 are diagrams showing the handle 80. The upper end 82 and lower end 84 are
provided in the handle 80, which includes a tube 86 having a center hole extending between the
_ upper end 82 and the lower end 84 of handle 80. The lower end 84 of handle 80 includes an outer
bearing surface 90. In the preferred embodiment, this outer bearing surface 90 is spherical and its
curvature radius is 15.875 mm. The handle 80 also includes an inner bearing surface 92, and the
surface 92 is concentric with the outer bearing surface 90. The inner bearing surface 92 includes an
upper spherical section and a lower conical section that is expanded so that the handle 80 may pivot
around the strut 22. A hole 94 extending between the inner bearing surface 92 and the outer bearing
surface 90 and leading to the center hole 88 of tube 86 is provided in the handle 80. A plate 96 is
attached to the lowest end of outer bearing surface 90. As shown in Fig. 7, four notches 98 are
provided in the plate 96. Four projections 100, 100” are arranged at the center of remaining four parts
of plate 98. The height of the three projections 100 of the projections are equal and are located on a
common plane. The fourth projection 100 is long and extends above the plane of the three
projections 100.

Fig. 8 is a side view of grip 120 attached to the tube 86 of handle 80. The grip 120 is designed
so as to provide a pleasant grasp. The grip 120 includes a pivotably fitted thumb stick actuator 122.
The thumb stick actuator 122 includes a spring element 124 integrally made of the same material as
the thumb stick actuator 122. The spring element 124 biases the thumb stick actuator 122 upward so
from the lower and upper housing 20, 40. An integral design is obtained by integrally molding the
spring element 124 with the thumb stick actuator 122. A dome switch 126 is attached to the top of
tube 86 of grip 120. The dome switch 126 is located under the actuator 122, and the dome switch 126
is operated by moving the actuator 122 downward,. Two wires 128 are connected to the dome switch
126 and are applied to a region between the circuit board 60 and the lower housing 20 through the
center hole 88 of tube 86 and the hole 94 of handle 80.

How the above components work together to create a modified joystick type video game
controller is described by Fig. 1. As shown in Fig. 1, if the lower housing 20 is attached to the upper
housing 40 by a fastener 130 extending between the leg 26 and the socket 46, the two spherical
bearing surfaces 24, 48 become concentric. The upper spherical bearing surface 48 works with the
outer side of handle 80, and the lower spherical bearing surface 24 works with the inner side of handle

9

NAA00012861



80. Thus, the two bearing surfaces 90, 92 of handle 80 are caught between the two bearing surface 48,
24. A coil spring 110 is located around the central strut 22 and extends between the lower housing 20
_ and the lower end 84 of handle 80. The spring 110 biases the handle 80 to the center position shown
in Fig. 1. In the center position, neither of the projections 100 or 100’ make contact with the dome
switch 62 attached to the circuit board 60. As shown in Fig. 1, the circuit board 60 is clamped
between the downside 45 of ribs 40 and the clamping surface of leg 26. Accordingly, the circuit board
60 is securely held in the home position and is strained so as not to cause distortion. This is important
because the circuit board 60 becomes a fitting surface for the dome switches 62. The locking
members 32 are stuck into the notches 98 to evenly maintain the prbj ections 100, 100’ under the
respective dome switches 62.

As shown in Fig. 1, when the handle 80 is in the center position shown in Fig. 1, the slender
projection 100° approaches to the circuit board 60 closer than the other projections 100. Since the
four dome switches 62 form the same plane and protrude downward only to the same height from the
circuit board 60, the slender projection 100’ is closer to the dome switches 62 than the other
projections 100 when the circuit board 60 is in the center position. In use the slender projection 100°
is located in front of the lower housing 20, and the handle 80 is inclined backward to make an angle
needed for operating the dome switch 62 smaller than that needed for operating any of other three
dome switches 62. Most users are aware that it is more difficult to move the handle 80 backward at a
large angle than in other directions ata large angle, enhancing the convenience of the joystick.

For the four bearing surface system in which the handle 80 is attached to the upper and lower
housings 40, 20, when a downward axial force is applied to the handle 80, there is the important
strong point of providing smooth operation. A spring 110 presses the outer bearing surface 90 to the
upper bearing surface 48 to hold the handle 80 during normal operation. However, if a downward
force is applied to the handle 80 during a game, the spring 110 is somewhat compressed, and the
handle 80 is held by the lower spherical bearing surface 24 of strut 22. This lower bearing surface 24
becomes concentric with the other three bearing surfaces, therefore the orientation of handle 80 does
not change even if the holding of handle 80 shifts from the upper bearing surface 48 to the lower
bearing surface 24. The joystick controller provides smooth operation by the co-action of the four

bearing surfaces even if alarge axial force is applied to the handle 80. In order to obtain an even
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smoother operation and motion of handle 80, it is preferable that the handle 80 be made of
polyprolylene and that the lower housing and upper housing 20, 40 are made of ABS material. If ABS
material and polypropylene are combined as opposite bearing surfaces, a self-lubricating joint is
obtained. In the embodiment, the grip 120 is also made of ABS material, and the thumb switch
actuator 124 is made of polypropylene. Wires passing through the center hole 88 and going down the
tube 86 pass through the tube 86 from the hole 94. The wires 128 exit the opening 50 in the upper
housing 40 with other wires (non-illustrated) connected to the circuit board 60.

Another important strong point of the preferred embodiment lies in the fact that alignment
with various components is extremely easy. The circuit board 60 attaches the dome switch 62
securely holding the circuit board 60 in the home position by the socket 46 of upper housing 40,
easily maintaining alignment between the dome switch 62 and the projections 100, 100°, because the
upper housing 40 locates the handle 80 with the upper bearing surface 48 and locates the circuit board
60 with the socket 46.

As described, in the preferred embodiment the trigger switch attached to the upper side of
handle 80 so that a user operates it with his/her thumb. If the trigger switch is thus arranged, it may be
easily operated by both a right and left-handed users, making it convenient to use.

Of course, as those skilled in the art understand, it is clear that various changes and variations
may be applied to the described preferred embodiment. For example, correct dimensions and
materials may be easily changed to suit the intended use, and other types of switches may also be used
in place of the dome switches. Moreover, the above-mentioned various features of the present
invention have independent effects, and may be used separately or combined with the other features
or incorporated into other embodiments. For example, the use of switch actuators with different
heights is not restricted to controllers using the above doubled spherical suspension structure.
Conversely, the above doubled spherical suspension structure may be used in devices having four
switch actuators of the same height.

Accordingly, it should be understood that the above detailed description is only an sample

illustration to which the present invention is not limited.
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IV.

20
22
24
26
28
30
32
40
42
44
45
46
48
50
62
64, 66
68
80
82

Brief description of the drawings

Fig. 1 is a sectional view of the preferable embodiment of the present invention,
Fig. 2 is a top view of lower housing 20 of Fig. 1,

Fig. 3 is a 3-3 arrow view of Fig. 2,

Fig. 4 is a bottom view of upper housing 40 of Fig. 1,

Fig. 5 is a 5-5 arrow sectional view of Fig. 4,

Fig. 6 is a bottom view of circuit board 60 of Fig. 1,

Fig. 7is a 7-7 arrow view of Fig. 1, and

Fig. 8 is a partially cut side view of grip 120 of Fig. 1.
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84
86
88
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92
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96
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Fig. 6
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Specification

1. Title of the Invention
Manufacture of Circuit Board

II. Claims

A circuit board manufacturing method wherein electronic circuits consisting of a conductive
pattern and electronic components are formed on a film sheet, characterized by having
a first process for forming the conductive pattern corresponding to multiple circuit boards grouped on
the film sheet,

a second process for mounting the electronic components constructing the electronic circuit
on the multiple circuit boards formed on the film sheet after the first process, and

a third process for cutting the multiple circuit boards into individual circuit boards after the

second process.

III. Detailed description of the invention

Field of industrial application

The present invention relates to a manufacturing method of circuit boards, and particularly to
a manufacturing method of circuit boards using a film sheet.

Prior art

For example, the device described in Japanese Laid-Open Utility Model S63-136391 is cited
as an operating device of an electronic equipment connected to electric equipment such as a computer
for games, etc. The unit is used as a remote controller which arranges various switch buttons are on
the top surface of a casing. A printed board made of an epoxy resin is held in the casing, and electrode
terminals opposite to the above switch buttons are formed on the printed board. Then, a conductive
pattern extending from the electrode terminals is formed on the printed board, and a connection cord
connected to the electronic equipment is soldered at the terminals of the conductive pattern. If a

switch button of the remote controller is pressed, a space between the electrode terminals is
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conducted by end parts of the switch button, a signal is transmitted to the electronic equipment via the
connecting cord, and the electronic equipment performs operations according to the switch button.

In a circuit board incorporated in the operating device for, performing the control of such an
electronic equipment, electronic components such as an IC (integrated circuit), etc. are mounted on
an epoxy resin printed board where the conductive pattern is pre-formed.

Problems overcome by the invention

However, the circuit board incorporated in the operating device for performing the control of
this kind of electronic equipment had the problem that the conductive pattern was pre-formed and
electronic components, such as IC (integrated circuit), etc., were mounted on the printed board made
of an epoxy resin cut into individual circuit boards. Therefore, the mounting of electronic
components had to be applied to the individual circuit boards and there was poor manufacturing
efficiency. Conversely, even if many circuit boards are simultaneously formed on one circuit board
and then cut off to improve the efficiency of manufacture, because the epoxy resin board is rigid,
extraction is not easy. '

The present invention was made in view of the above points and its objective is to provide a
circuit board manufacturing method wherein many circuit boards may be manufactured at low cost
and with good efficiency and without waste.

Problem resolution means

In a manufacturing method of circuit boards formed with electronic circuits consisting of a
conductive pattern and electronic components on a film sheet, the present invention was made by
providing a first process for forming multiple conductive patterns of multiple circuit boards grouped
on the film sheet, a second process for mounting electronic components constructing multiple
electronic circuits on the conducting patterns of the electronic circuits formed on the film sheet after
the first process, and a third process for cutting multiple electronic circuits to individual electronic
circuits after the second process.

Operation

A conductive pattern of multiple electronic circuits is formed in a group on a large-size film
sheet, then electronic components constructing the electronic circuits are mounted and subsequently

cut into individual electronic circuits, forming a group of many electronic circuits.
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Embodiment
. Fig. 1 shows a diagram for describing the processes of a manufacturing method of an
embodiment of the present invention. The film sheetboard manufactured by a method shown in this
embodiment is incorporated in an operating device for remote controlling electronic equipment, such
as a computer, etc. for games. First, an operating device is described with reference to Fig. 3 ~Fig. 7.

An operating device 1 is connected to electronic equipment, such as a computer for games,
etc. (not illustrated) and used as a remote controller. Then, in the operating device 1, if operating
switch buttons 3a ~ 3e are pressed, a signal is output via a connection cord 2. The operating device 1
roughly comprises an upper case 4 mounted with the switch buttons 3a ~ 3e, a lower case fixed to the
upper case 4 by fastening screws (not illustrated), a film sheet board 6 housed between the upper case
4 and the lower case 5, and a support plate 7 mounted with the film sheet board 6.

Multiple alignment pins 4a for aligning mounting positions of the film sheet board 6 and the
support plate 7 and screwing parts 4b protrude to the inside wall of upper case 4. A screw insertion
part Sa and a support Sb are formed protruding to the inside wall of the upper case 5. Accordingly, the
film sheet board 6 and the support plate 7 are held between the space between the screws 4b and the
screw insertion part Sa by screwing the upper case 4 and the lower case 4b and locked in prescribed
mounting positions by the alignment pins 4a.

As shown in Fig. 3, the film sheet board 6 is a flexible film sheet made of a synthetic resin and
having insulating properties, an electrode terminal 6a opposite to the operating switch buttons 3a ~ 3e
of upper case 4, on which is printed a wiring pattern (shown by broken lines in Fig. 3) 6b connected
to the electrode terminals 6a. The film sheet board 6 is formed by a semi-transparent or transparent
material so that the wiring pattern 6b can be seen. Moreover, a resist film 6e is covered on the surface
of the film sheet board 6 excluding the electrode terminals 6a, a connector connection 6¢ and an IC
mount 6d. Holes 6f for inserting screws for screwing the upper and lower cases and holes 6g for
inserting the alignment pins 4a of the upper case 4 are allowed to appropriately pass through the film
sheet board 6.

No. 8 is an IC for a controller, which passes through a low-temperature electric furnace (not

illustrated) and is mounted on an IC mount 6d of film sheet board 6, treated with reflow solder, and
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then bonded with an insulating adhesive to connect and fix it to the mount 6d.

The above film sheet board 6 has a lower material cost than epoxy resin printed boards which
~ have been used heretofore, and the above electrode terminals 6a and the wiring pattern 6b may be
printed in a short time and readily mass produced, considerably lowering manufacturing costs. The
manufacturing cost of operating device 1 may also be lowered.

As shown in Fig. 4(A), (B), the support plate 7 is a plate member shaped to correspond to the
above film sheet board 6 and has a strength sufficient to support the flexible film sheet board 6. Small
holes 7a for inserting screws and holes 7b for inserting alignment pins are allowed to pass through the
support plate 7, and guides 7¢, 7d for guiding the connection core 2 protrude on the downside thereof.

Contact pieces (not illustrated) made of a conducting material are provided at the lower ends
of operating switch buttons 3a ~ 3e arranged in the upper case 4, and if the operating switch buttons
3a ~ 3e are pressed, the contact pieces make contact with the electrode terminals 6a of film sheet
board 6 to close the electrode terminals 6a. At this time, the film sheet board 6 with pressed operating
switch buttons 3a ~ 3e is inflexibly mounted on the support plate 7 making firm contact with the
contacts of operating switch buttons 3a ~ 3e. Thus, the support plate makes it possible to use a low
price film sheet board 6.

As described above, when the film sheet board 6 and the support plate 7 are housed inside the
upper case 4 and the lower case 5, a connector 9 is connected to the connection 6c¢ of the film sheet
board 6.

Since the film sheet board 6 is used in the operating device 1, the connection cord 2 is simply
connected via the connector 9. For example, troublesome operations in which cords are soldered one
by one as in conventional printed boards becomes unnecessary, further enhancing operability in the
assembly process. The connection cord 2 extending from the connector 9 is folded on the downside
of support plate 7 via a notch 6h of the film sheet board 6 and notch 7e of supporf plate 7 and mounted
between the support plate 7 and the lower case S, thereby inserting the mounted connection cord 2
between the guides 7¢ and 7d of support plate 7 via alignment pins 4a protruding from the hole 7b,
as shown by the broken lines in Fig. 4(A) to control the mounting position of the support plate 7.
Moreover, the connection cord 2 is wound on multiple protrusion pins (not illustrated) protruding

from the upper case and led to the outside. Accordingly, the support 7 not enly simply supports the
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film sheet board 6 but also has the role of guiding the connection cord 2 as described. Therefore, the
connection cord 2 does not slacken more than necessary and is so held that the force of withdrawing
- the connector 9 does not act on the connection cord 2 even if pulled from without.

Next, a method for manufacturing the film sheet board 6 is described.

First, a film sheet 10 having a size for accommodating multiple film sheet boards 6 is
prepared as shown in fig. 1(A). Reference holes 11a, 11b, 11¢ for alignment in the printing of
electronic components and cutting of boards are provided in the film sheet 10, and then cleaned to
remove dirt from the film sheet 10.

Next, multiple conducting patterns 12 are printed as shown in Fig. 1(C) (process 1), forming
a pattern as shown in Fig. 2(A), the patterns being made of a first conducting material 13a such as
silver, etc. Carbon comprising a second conducting material 13b is printed as shown in Fig. 2(B) so
that soldering is not attached to portions making a connection with the outside, i.e., portions of the
connection 6¢ connecting with the connector 9 on the conducting pattern 12 made of the first
conducting material 13a as shown in Fig. 2(A) and the electrode terminals 6a making contact with the
contacts of operating switch buttons 3a ~ 3e in mounting the IC 8 for controlling subsequent
processes. _

Moreover, an insulative resist film 6e is printed to provide insulation from the outside in the
portion of wiring pattern 6b making no connection with the outside, excluding the electrode terminals
6a, IC mount 6d and connection 6c¢ as shown in Fig. 2(C).

As shown in Fig. 1(D), the IC 8 for the controller is mounted on the mount 6d as shown in Fig.
1(D), passes through the low-temperature electric furnace and treated with reflow solder to make a
connection. After the Controller IC 8 is connected to the IC mount 6d on the film sheet board 6, it is
bonded with an insulative adhesive and fixed to the film sheet 10 (process 2).

The film sheet 10 is then cut to the required shape of the circuit boards, as shown in Fig. 1(E)
to obtain the individual film sheet boards 6 as shown in Fig. 3 (process 3).

Thus, the film sheet 10 is cut into individual circuit boards after the formation of multiple
conducting patterns and the mounting of electronic components of IC, etc., therefore the conducting
patterns are formed in a state which prevents dust from adhering to the boards at the time of cutting,

and poor conduction, etc. and good conducting patterns may be obtained.

6
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The film sheet 10 is flexible and thin, making the cutting work easy, and the individual circuit

boards may be surely cut even if the conducting patterns of individual circuit boards are arranged in
- close proximity, enabling the film sheet 10 to be used without waste.

Although the remote controller connected to-a game computer was exemplified in the above
embodiment, the design is not limited thereto, and may also be applied to the manufacture of circuit
boards of a unit connected to other electronic equipment, such as personal computers, etc.

Efficacy of the invention

The present invention has the strong point of enabling manufacture with good efficiency
because multiple conducting patterns of electronic circuits are formed on the film sheet, then
electronic components are mounted and subsequently cut into individual electronic circuits; dust
occurring at the time of cutting does not produce to the end, accordingly dust adheres to the film sheet
in the formation of conducting patterns and the deterioration of conducting patterns is eliminated; the
individual electronic circuits adjacent to each other may be arranged in close vicinity; and many

circuit boards formed with electronic circuits may be obtained as a group.

IV. Brief description of the drawings

Fig. 1 1s a diagram describing a manufacturing method of an embodiment of the present
invention; Fig. 2 is a diagram describing a manufacturing method of principal parts of an embodiment
of the present invention; Fig. 3 is a plane view of a film sheet board; Fig. 4 is a plane view and a front
view of the support plate; Fig. 5 is an exploded oblique view of operating device; Fig. 6 is a plane

view of the operating device, and Fig. 7 is a sectional view of an operating device.

6 film sheet board

6a electrode terminal

6b wiring pattern

6¢c connector connection
6d IC mount

Ge resist film

8 IC for controller
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(54) CONSTANT SPEED RUNNING CONTROL DEVICE FOR VEHICLE

(57)Abstract:

PURPOSE: To prevent a tentative decrease of the car
speed without producing a fluctuation of the car speed,
by finding a throttle opening to enable a constant speed
running from the vehicle running resistance, and
controlling the opening of the throttle to the throttle
opening value, when the constant running is started.
CONSTITUTION: The switching signals of a set switch
22, a brake switch 24, and a clutch switch (inhibit switch)

22"

~’;\-'—'—-——-
[ARTATTEAD ot

26 are fed to a throttle control circuit (microcomputer) 20. I 1 e
A detected voltage responding to the car speed and a '*i”}{/l T R
detected voltage responding to the opening of a throttie -

valve 12 are found at a car speed sensor 28 and a

throttle opening sensor 30 respectively, and these

detected voltages are fed to the throttle control circuit 20

through an A/D converter 32. The detected signal of a crank angle sensor 34 is also fed to the
throttle control circuit 20 to be utilized to detect the engine revolution frequency.
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(54) SUPPORTER FOR ENCLOSED COMPRESSOR

(57)Abstract:

PURPOSE: To simplify the molding and to set the board
__thickness, length, etc. concerning to the vibration

absorbind characteristic freely, by employing a rubber ~~

vibration-prood member molded into a structure having

foot at two ends of a flat angular board as a supported

for an enclosed compressor.

CONSTITUTION: A vibration-proof member 3a is a

structure made of flat board to be positioned by a recess

made in a base 4a to maintain the transportation

strength by means of a stud bolt 5a fixed in the base 4a

through a hole 7 made in the foot 2a and a push nyt 6a

for stopping said member 3a. With such structure,

molding is simplified because of flat board structure

while the board thickness, length, etc. concerning to the

vibtation-proof characteristic can be set freely resulting in a supporter which exhibits excellent

noise-proof and vibration- absorbing effect.
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(54) STEERING DEVICE WITH SIX DEGREES OF FREEDOM
(57)Abstract:

PURPOSE: To detect the displacement and angle when
a knob is operated within three-dimensional space by
detecting the expansion/contraction displacements of six
legs.

CONSTITUTION: When a pilot turns a knob 1 with
displacement in a desired direction, the six legs expand
and contract and the leg expansion/contraction
displacement signals SaWSf are delivered from the
expansion/contraction displacement detectors 4aW4f set
at those six legs. Then the signals SaWSf are supplied
to a converter 7 via a signal processing part and
processed based on an approximate equation obtained
when the expansion/contraction displacement value is
extremely small compared with the lengths of those legs.
Here the errors caused by the flexion of a control stage 2 and a 5 are neglected. In such a
way, both the displacement and angle can be detected in a simple way when the pilot
operates the knob 1.
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(72) Inventor KEITH ANTHONY THOMAS KNOX

(54) ELECTRICAL SIGNAL INITIATING KEYBOARDS

(71)  We, THE POST OFFICE, a
British body corporate established by Statute,
of 23 Howland Street, London, W1P 6HQ,
do hereby declare the invention, for which we
pray that a patent may be granted to us, and
the method by which it is to be performed, to
be particularly described in and by the follow-
ing statement:—

This invention relates to electrical signal
initiating keyboards and more particularly, but
not exclusively, to telephone instrument push-
button keyboards,

Telephone instruments currently in use em-
ploy the familiar dial unit as a means for
generating a train of electrical impulses repre-
senting the number of the subscriber being
called. The dial unit has proved generally
satisfactory and relatively cheap for this pur-
pose, but being purely mechanical in operation
can suffer from wear after long use. The
operation of the dial can be somewhat tiring
to the caller when many calls are to be made,
particularly as trunk calls generally require ten
dial movements per call.

Electrical signal initiating keyboards in the
form of push-button keyboards are used in
telephone instruments as an alternative to the
dial unit for initiating a destination coded
signal. The signal produced by a push-button
keyboard is not necessarily wransmitted as a
train of electrical impulses as for the dial unit.
Prior art push-button keyboards have proved
preferable to the dial unit so far as ease of use
by the caller is concerned but have neverthe-
less proved unsatisfactory in other respects.
For example, push-button keyboards using
moving electrical contacts have been found to
incur a fault liability, particularly when
operated in low impedance circuits, Push-
button keyboards utilising a discrete electronic
device for each button (for example, piezo-
electric crystals or Hall effect devices) have
been proposed but are generally more expen-
sive than the familiar dial unit,

It is an object of the invention to provide
an improved electrical signal initiating key-

~—hoard.

The present invention provides an electrical
signal initiating keyboard including:

a number of motion transmitting elements;

a layer of resiliently deformable insulating
foam material having at one face thereof a
plurality of electrically conductive tracks de-
fined by conductive particles and separated by
non-conductive areas of the foam; and

a plurality of terminals connected to asso-
ciated ones of the tracks the arrangement being
such that each motion transmitting element is
operable to deform a respective area of the
foam material to thereby change the resistance
between terminals associated with that par-
ticular area.

Preferably, the insulating foam material is
a polyether polyurethane foam with conduc-
tive tracks formed by graphite particles therein.

The motion transmitting elements can be
push-buttons manually operable to compress
the foam material against a rigid plate,

By way of example only, two illustrative
embodiments of the invention will now be
described with reference to the accompanying
drawings, of which:— _

Figure 1 shows a plan view of a variable
resistance element employed in the embodi-
ments; . )

Figure 2 shows an “exploded” view, partly
in section, of a first electrical signal initiating
keyboard embodying the invention;

- Figure 3 shows a cross-sectional view
through part of the keyboard of Figure 2;

Figure 4 shows an “exploded” view, partly
in section, of a second electrical signal initiat-
ing keyboard embodying the invention;

Figure 5 shows a cross-sectional view
through part of the keyboard of Figure 4;

Figure 6 illustrates the electrical operation
of the keyboards;

Figure 7 shows an approximate equivalent
circuit for the keyboards;

Figure 8 shows one way of combining the
outputs of the keyboards; and

Figures 9A and 9B show how resistance
characteristics can be modified by the use of
additives.
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It should be noted that in the interests of
clarity the drawings have been simplified and
relative dimensions exaggerated in places.

Referring to Figure 1, a resiliendy deform-
able variable resistance element employed in
both the embodiments comprises a piece of in-
sulating foam 1 with conductive tracks 2
applied to one surface thereof. The foam 1 is
a polyether polyurethane foam approximately
3 inches by 4 inches and 0.4 inches thick. The
foam has a fine cell structure, an example of
a suitable foam being “Kayfoam Polyether
E35” (density 22 kg/M*) manufactured by
Kay-Metzeler Ltd., of Cheshire. The conduc-
tive tracks 2 are applied in the pattern shown
by screen printing or by use of a contoured
roller and comprise graphite particles. A
suitable material for forming the conductive
tracks 2 is that known by the registered Trade
Mark “AQUADAG” and of the grade having
an 18%, solids content. To ensure that the
graphite particles bond firmly to the foam and
to improve the rheological properties of the
AQUADAG during application certain addi~
tives are preferably mixed with the AQUA-
DAG before its application. For example, up
to 5% of 50—60%, strength vinyl acetate-
vinyl versatate copolymer (such as that sold
by Vinyl Products under the trade name
“Vinapol 1070”) can be added to improve
bonding. Sodium alginate is a suitable
material for thickening the AQUADAG to
modify its rheological properties so that exces-
sive lateral diffusion does not occur during the
printing process. The use of sodium alginate
can also decrease the contact resistance of the
conductive tracks 2 and the use of 1 part of a
2%, aqueous sodium alginate solution (pre-
served with formaldehyde) to 3 parts AQUA-
DAG was found successful in this respect (this
concentration represented approximately 0.5%
sodium alginate dry weight). It was also
found that the property of sodium alginate
to decrease contact resistance could itself be
modified by use of a gelling agent. For ex-
ample, the introduction of Ca™ions by the
use of CaCl, and compensated by the addition
of EDTANa, (a sequestering agent) produced
a high contact resistance at low pressure and
thereby increased the range of resistance varia-
tion since the contact resistance at large pres-
sure was substantially unchanged. Alternative
materials for modifying the contact resistance
properties of the conductive tracks 2 are di-
methyl sulphoxide (DMSO) at about
5—15%,, cetrimide at about 1%, benz-
alkonium chloride, cetyl wrimethyl ammonium
bromide and a liquid anionic detergent based
on mixed sodium alkyl sulphates of long chain
alcohols such as TEEPOL (RTM).

Figure 9A comprises a graph showing the
effect of various additives on surface resist-
ance and Figure 9B is a similar graph relat-
ing to bulk resistance. Each graph shows
eleven curves, a to g inclusive, and the various

additives represented by these curves are set
out below:

Curve a — Vinapol vinyl acetate-versatate
copolymer in the concentration given above

Curve b — as for curve a but with the addi-
tive of sodium alginate in the concentration
given above

Curve ¢ — as for curve b but with the addi-
tion of a trace of benzalkonium chloride

Curve d — as for curve b but with the addi-
tion of cetyl trimethyl ammonium bromide

Curve e — as for curve b but with the addi-
tion of TEEPOL

Curve f — as for curve 2 but with the addi-
tion of a trace of benzalkonium chloride

Curve g — as for curve a but with the addi-
tion of 15% DMSO

Curve h — as for curve a but with the addi-
tion of 5%, DMSO

Curve i — as for curve a but with the addi-
tion of 5%, DMSO and of cetyl trimethyl
ammonium bromide

Curve j — 5%, DMSO

Curve g — 15% DMSO

There is no resistance value shown for zero
applied force (light contact) for curves, b, ¢,
d, e, f, and g of Figure 9A as a spacer was
used to ensure very high resistance at zero
applied force.

“The following points are notable:

(i) Curve a shows only a small change in
bulk resistance in comparison with the change
in surface resistance with applied force.

(i) Curve b illustrates that resistance is in-
creased by the use of sodium alginate.

(iii) Curves c and f show that the effect of
benzalkonium chloride is to bring about an
increase in the change of resistance with ap-
plied force, particularly so for bulk resistance.

(iv) Curve e shows that TEEPOL exerts a
similar effect to benzalkonium chloride.

(v) Curve h shows an increased resistance
at zero applied force but without com-
mensurate increase in resistance when force
is applied, there is an increased range of bulk
resistance change.

Referring now to Figures 2 and 3, a key-
board for use in a telephone instrument com-
prises twelve depressible keys or buttons 3
arranged in a matrix of 4 rows of 3 keys. Each
key is suitably inscribed with an alpha-
numeric symbol or legend (not shown). Ten
of the keys are used to signal the digits 0 10 9
for a telephone number code and the remain-
ing two keys are used for auxiliary purposes,
for example, “special facilities” and “service
facilities”.

The keys 3 are located on an upper plate 4
which is a onepiece moulding of a rigid
plastics materials of a generally flat form.
Each key 3 respectively comprises a peg 5
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projecting through a hole in the plate 4 with
a flange portion 6 at its lower end, The other
end of the peg 5 is received in a cap 8, the cap
either being a tight push fit on the peg or
being retained by adhesive. Each peg 5 is a
sliding fit in its respective hole and, if desired,
a helical compression spring 9 acting against
the top of the plate 4 and the underside of the
cap 8 and positioned about the peg can be
included in the key assembly. Such springs
are not strictly necessary since their function
(to bias the keys in an up position) can be
accomplished by the resiliency of the foam 1
without further aid.

A set of cross-members, such as reference
10, and a peripheral member 11 are provided
to ensure the rigidity of the plate 4.

Positioned beneath the plate 4 is the in-
sulating foam 1 with its conductive tracks 2
positioned downwardly. Connections (not
shown in Figure 2) are made to the conduc-
tive tracks by stapling, eyeletting or by use of
a conductive cement.

An insulating spacer 12 is positioned be-
neath the foam 1 and comprises a piece of
polythene film in the range 0.006 to 0.020
inches thick with twelve holes 13 each under-
lying a respective key 3. Foam material can
be used as an alternative to film and other
types of polymer can be used. As another
alternative, paper can be used. It is, however,
preferred that the thickness of the spacer 12
should be greater than 0.002 inches and less
than 0.150 inches.

A layer of conducting material 14 to which
a connection is made (not shown in Figure 2)
is positioned beneath the spacer 12. The con-
ducting material 14 can be carbon-loaded
paper, metallised polymer foil or, less desir-
ably, tin-oxide coated glass. If the conducting
material comprises a conducting layer on an
insulating layer, rather than being a homo-
geneous conductor, it is placed conductive side
up. A pick-off connection of the conducting
material 14 is made by stapling, eyeletting or
the use of a conductive cement.

A base-plate 15 of rigid plastics material
is positioned beneath the material 14. Assem-
bly of the various parts of the keyboard can
conveniently be achieved by use of an in-
sulating adhesive.

The electrical operation of the keyboard
will be discussed later.

Referring now to Figures 4 and 5, a second
form of Keyboard for use in a telephone in-
strument is illustrated. The similarity of this
second keyboard to the first keyboard is im-
mediately apparent and therefore description
will be confined to pointing out the difference
between the two keyboards.

In the second keyboard, the keys 3 form an
integral part of the plate 4 which is of a
resilient plastics material. The cross-members
10 and peripheral member 11 impart stiffness
to the plate 4 and divide it into twelve areas,

each area containing a key 3. It is thus pos-
sible to depress any one of the keys against the
resiliency of the plate 4 with negligible move-
ment of the other keys.

The conductive layer 14 (conducting side
down if a conductor/insulator laminate is
used) is positioned beneath the plate 4 and
the remaining components are positioned in
the order, spacer 12 foam material 1 (conduc-
tive tracks uppermost) and plate 15. In this
embodiment the layer 14 has to resist distor-
tion due to cyclic distortion and is therefore
preferably constructed from a polymeric
material. .

The two embodiments differ only in mech-
anical operation, their electrical operation is
essentially the same. Referring to Figure 6, it
will be seen that a respective terminal is con-
nected to each conductive track 2 and these
terminals are referenced A, B, C etc. up to O.
Each conductive track makes contact when an
associated key is depressed with conductive
material 14 through a hole 13 and this feature
is illustrated by the hatched circles in Figure
6. The conductive tracks connected to ter-
minals A, B, G, D,F, G, H, L L, M\, N, O
each overlie one hole 13 whereas the conduc-
tive tracks connected to terminals E, J, K,
each overlie four holes 13. Each of the hatched
circles in Figure 6 corresponds, of course, to
a respective key and this feature is illustrated
by marking the circles with respective symbols
1,2,3,456,7,8,9,0, X and Y, Depres-
sion of the key bearing the number 1, for ex-
ample, cause compression of the part of the
foam on which the conductive tracks connected
to terminals D and E are positioned. Com-
pression of the foam by an overlying key
results in the conductive tracks underlying the
key being brought into contact with the con-
ductive layer 14. The resistance on contact
decreases with increased pressure on the key
and in an experimental keyboard was found
to be 100 k for 40 Z, 50 k for 80 Z and 15 k
for 16 OZ. The spacer ensures infinite resis-
tance when the key is underpressed. Thus, a
resistance drop is observed between terminal
D and layer 14, and between terminal E and
layer 14 when the key bearing the number ‘¥’
is depressed.

vigure 7 shows an approximate equivalent
circuit for the keyboards. Terminal E, for
example, is shown connected to layer 14 by
four variable resistors in parallel, each resistcr
corresponding to one of the four possible con-
nections of the track to layer 14 through holes
13.

The resistance change with increased pres-
sure is believed to be due almost entirely to
changes in surface contact resistance and it is
believed that bulk resistance changes are in-
significant so far as the overall effect is con-
cerned.

Figure 8 shows one way of connecting the
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dication of which key is depressed. Terminals
A, G, O are commonly connected to a line
reference «, similarly B, F, Nj C, I, M; and
D, H, L are connected 10 8, v and ¢ respec-
tively.

Terminals E, J and K respectively con-
pected to lines ¢, ¢ and y. It can easily be
seen that if, for example, the key bearing the
fumber 3’ is depressed the resistance between
lines y (connected to K) and 8 (connected to
L) and conductive layer 14 drops. Thus, if
different electrical signals are applied to the
lines a, B v & & & and 7 two of these signals
will be communicated to the conductive layer
14. The table below sets out the operation of
the keyboard connected as shown in Figure 8.

Resistance

Key change

1 d ¢
2 8¢

o7

w

ye
v ¢
Y
Be
B¢
B
af

a €

W O © WV 0 N s

a7

The keyboards are, of course, connected to
suitable interface equipment for use in generat-
ing dialling code pulses or frequencies.

It will be appreciated that many modifica-
tions to the described embodiments are pos-
sible. For example, the spacer plate 12 can
be omitted so that there is finite resistance
associated with unactuated keys. The use of
the additives mentioned earlier helps to ob-
tain a high range of values between ‘off’ resis-
tance (lightly contacting) and ‘on’ resistance
(14 contacting under finger pressure).

If desired, each key can be arranged to act
against a metal spring so that a snap-action
and an audible “élick” is obtained on depress-
ing the key.

The conductive layer 14 can be in the form
of an interconnected metallic pattern corres-
ponding to the holes 13 on an insulating layer.

It is a notable feature of the described em-
bodiments that expensive materials such as
gold are not required and that the keyboards
have a much smaller fault liability than the
prior art moving contact type of keyboard.

WHAT WE CLAIM 1S:—
1. An electrical signal initiating keyboard
including:

a number of motion transmitting elements;

a layer of resiliently deformable insulating
foam material having at one face thereof a
plurality of electrically conductive tracks de-
fined by conductive particles and separated by
non-conductive areas of the foam; and

a plurality of terminals connected to asso-
ciated ones of the tracks the arrangement
being such that each motion transmitting
element is operable to deform a respective
area of the foam material to thereby change
the resistance between terminals associated
with that particular area.

2. A keyboard as claimed in claim 1 where-
in the motion transmitting elements are push-
buttons manually operable to compress the
foam material against a rigid plate.

3. A keyboard as claimed in claim 2 where-
in the push buttons form an integral part of a
plate of resilient plastics materials.

4. A keyboard as claimed in any preceding
claim including means to provide a snap-
action for the motion transmitting elements.

5. A keyboard as claimed in any preceding
claim wherein the foam comprises polyether
polyurethane foam.

6. A keyboard as claimed in any preceding
claim wherein the conductive particles com-
prise graphite particles.

7. A keyboard as claimed in claim 6 where-
in the conductive particles comprise graphite
particles in association with a resistance-
modifying additive.

8. A keyboard as claimed in claim 7 where-
in the additive is sodium alginate, or dimethyl
sulphoxide, or cetrimide, or vinyl acetate-ver-
satate copolymer, or benzalkonium chloride, or
cetyl trimethyl ammonium bromide, or a
liquid anionic detergent based on mixed
sodium alkyl sulphates of long chain alcohols.

9. A keyboard as claimed in any preceding
claim wherein a layer of electrical insulating
material having a plurality of apertures there-
in is provided between the conductive tracks
and a layer of electrically conducting material
and wherein the motion transmitting elements
are operative to press the conductive tracks
and conductive layer into contact through the
said apertures.

10. A keyboard as claimed in claim 9 where-
in the motion transmitting elements act against
the foam material.

11. A keyboard as claimed in claim 9
wherein the motion transmitting elements act
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against the conductive layer, the said layer 13. A telephone instrument including a key-

being resilient. board as claimed in any preceding claim.
12. An electrical signal initiating keyboard ABEL & IMRAY,

substantially as herein described with reference Chartered Patent Agents,

to and as illustrated by Figures 1, 2, 3 and 6 Northumberland House,

or by Figures 1, 4, 5 and 6 of the accom- 303—306 High Holborn,

panying drawings. London, WC1V 7LH.

Printed for Her Majesty’s Stationery Office by the Courier Press, Leamington Spa, 1975.
Published by the Patent Office, 25 Sonthampton Buildings, London, WC2A 1AY, from
which copies may be obtained.
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